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From the London Civ. E und Arch, Jour., Dec., 1863. 


Havine beeninstructed by the Board of Trade to make the necessary 
preliminary surveys for establishing lights to facilitate the navigation 
of the northern portion of the Red Sea, the author recommended three 

Ist. Zafarana Point on the Egyptian shore, 50 miles from Suez ; 
Ushruffee reef, on the western side of the navigable channel of the 
Straits of Jubal, 150 miles from Suez; and 3d. the Deedalus reef in 
the eentre of the Red Sea, 350 miles from Suez, and 180 miles from 
the entrance of the Gulf of Suez. These sites having been approved by 
the Egyptian government, by the Board of Trade, and by the Diree- 
‘ors of the Peninsular and Oriental Steam Packet Company, the im- 
mediate execution of the works was authorized, upon designs submit- 
ted by the author. 

Zafarana Point being on the mainland, it was considered most ad- 
vantageous to construct a tower and light-keepers’ dwellings of rubble 
stone, and to employ native labor entirely, under the direction of I. 
Kk. Linant Bey, the chief engineer of the public works department of 
the Egyptian government. The design presented no feature calling 
for special remark, and the works had been carried out in a very satis- 
factory manner, The light was a fixed dioptric of the first order, visi- 
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ble, over five-eighths of acircle, at a distance of 14 miles. It was first 
exhibited on the Ist of January, 1862. 

The main features of the other sites were then deseribed. The 
Ushruffee was a coral reef, of which the sides sloped irregularly from 
the level of a few inches under low-water to a depth of from 8 to 10 
fathoms, no part being above the water, and there being very little 
sand, even in the cavities of the coral. The Daedalus reef was a su))- 
merged island with a flat top of an oval form, 1200 yards in jengt) 
anid 450 yards in breadth, the sides being generally vertical, or in some 
places even overhanging. ‘The actual surface of the coral was about 6 
inches under low-water: but there was a small shifting bank of sand 
near the south-east end, which was dry at low-water, and sometimes 
also to a small extent at high-wate r. ‘The range of tide was about 2 
feet at springs. 

The peculiar conditions which had to be considered in designing the 
proposed constructions were—First, the force of the sea would be com- 
pletely broken at some distance within the edge of the reef. Secondly, 
the structures would have to be built upon the surface of the reef, and 
not be sunk into it, as ho additional security could be thus obtained, 
while the advantage of the natural platform would be lost. Thirdly, 
in the absence of any definite experience as to the actual weight 
which the reefs would bear without being crushed, it was desirable to 
keep the weight per superficial foot of foundation as low as possible, 
Fourthly, the buildings had to be designed so as to mitigate the tense 
summer heat. And fifthly, in the case of the Deedalus, as the ma- 
terials would have to be brought from Suez, and as there was no anchor 
age, it was necessary that a steamer should be employed capable of 
keeping close to the reef in any wind, and of providing quarters for 
the workmen and storage room for the materials, until a proper deport 
and habitation could be formed on the reef itself. These requirements 
rendered it essential that the materials should be small in bulk, that 
the several parts should be light and easily handled, and that the moue 
of putting them together should be as simple as possible. 

It appeared to the author that these conditions would be best at- 
tained by adopting a structure of w rought iron supported on teak piles, 
resting on, and the feet bedded in, a layer of concrete, so as to distri- 
bute the weight, the surface of the concrete being a little above the 
level of high-water; and that, by filling in the wronght iron frame- 
work with strong corrugated iron, so as to forma series of rooms one 
above the other, as a central column, with verandas or galleries 
around each room, likewise partially enclosed, a portion at least of the 
sun’s rays would be prevented from falling on the walls of the rooms, 
whilst there would be a free admission of air, 

As the Daedalus light had only to guard against the dangers of the 
reefs on which it was placed, it was not necessary that that structure 
should exceed the limited height that would allow of four tiers of rooms 
and of accommodation for the lighting arrangements. These together 
brought the light to an elevation of 62 feet above the mean level of 
the sea. As the Ushruffee light had to lead vessels past dangers 12 
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er 14 miles distant, a more powerful light at a greater elevation was 
required, The height fixed upon was 125 feet above the mean level of 
the'sea. The frame-work was of the same description in both cases, 
but in the latter case there were eleven tiers, whereas in the Daedalus 
there were only four tiers, Details were then given of the Ushruffee 
structure, as being the larger of the two. It was stated that this strue- 
ture Was supported upon eighteen piles, each 15 feet long and 18 inches 
diameter, arranged in two concentric circles. The inner circle consist- 
ed of six piles and was 15 feet diameter, while the outer circle was 
fin med of six pairs of piles (the piles of each pair being 6 feet apart), 
57 feet diameter at the top, and the feet spread outwards at a batter 
of lin 12. The feet of the piles rested upon the natural surface, and 
there were shoulders on each side of the piles resting on sleepers of 
teak, bedded on the concrete 2 to 3 feet above the surface of the coral. 
‘The heads of the piles passed through cireular wrought iron collars, to 
which they were accurately fitted, aud any loosening by the shrinkage 
of the timber was provided for, by fitting a number of wedges of green- 
heart tunber into corresponding grooves in the pile heads, in which 
they could be driven down when slack, A direct bearing surface was 


also given by iren screws 2 inches diameter, which passed through 


each collar, and entered 2 inches into the wood. The collars had pro- 
jecting arms to which the bottom framing was riveted. The superstruc- 
iure consisted of a repetition of three main parts, which might be 
called respectively standards, cills, and radiators. In each tier there 
were 24 standards, arranged in two concentric circles, and these were 
connnected at the top and bottom by cills, thus forming two twelve- 
sided polygons, the corresponding angles of which were connected by 
the radiators. With the exception of a few parts near the bottom, 
no separate piece exceeded 4 cwt. in weight. The floors of the roows 
were composed of cast iron plates covered with concrete, and from the 
lowest door there was suspended a hemispherical water tank, capable 
of holding 1500 gallons. The floor of the gaile ries were formed of open 
“ast iron gratings. The whole of the iron work of the structure was 
ted on Messes. Forrester and Co.’s premises, at Liverpool, with 
the view of attaining the vccurate fitting of the parts, and of testing 
its strength. While at its fall height, with the exception of the piles at 
the bottom and the lantern at the top, but with the joints merely bolt- 
ed together, it was exposed, in September and October, 1860, to two 
gales of wind of the registered foree, respectively, of 20°5 ibs. and 24:3 
lbs. per sq. ft. There was no appearance of any straining of the joints, 
wud a careful examgnation failed to discover any swaying movement 
at the top, though there was a sensible vibration, Since its erection on 
the reef it had heen subjected to two severe gales (in June 1862, and 
in January 1863), with similar resusts, for although the top of the 
building had vibrated, there were no symptoms of straining having 
oveurred: 
The general principles of the construction of the Daedalus light- 
house were the same as those of the Ushruffee, with such modifications 
as its smaller size demanded; thus there were only twelve instead of 
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eighteen piles, and the dimensions of the parts of the frame-work were 
the same as for the upper piers of the Ushruffee. The building was 
stated to be very stiff, scarcely any vibration being perceptible under 
a strong breeze. 

The lanterns were of the same construction for the three lighthouses, 
Those for the Ushruffee and the Zafarana, being for first-order lights, 
were identical in every respect. That for the Deedalus being for a 
second-order light, was of reduced size. In construction they were 
similar to those generally manufactured for the Trinity Corpora. 
tion, but with special arrangements for mitigating the powerful effects 
of the sun. At the suggestion of Professor Faraday, a wind-guard was 
substituted for the ordinary revolving vane and cowl. The lanterns and 
light apparatus were furnished by Messrs. Wilkins and Co., the opt 
cal portion having been manufactured by Messrs. Chance Brothers, 
whose improvements in lighthouse illumination deserved special notice. 
The Zafarana and the Deedalus were fixed lights, while the Ushruffee 
had a revolving light frame. 

The whole of the materials of the two iron lighthouses, and of the 
three lanterns and light apparatus, were, with some trifling exceptions, 
despatched from Liverpool within ten months from the date of the 
author receiving instructions to proceed to survey the sites, at a dis- 
tance of nearly 5000 miles from Great Britain. 

As the structures were designed with a special view to the peculiar 
circumstances of the sites upon which they were to be erected, it was 
considered desirable to give some account of the operation of erection. 
The Peninsular and Oriental Steam Packet Company granted, gratui- 
tously, the services of the ** Union,” a screw steamer of 300 tons, ani 
60-horse-power, the Egyptian government paying for all wages, stores, 
and coal. The materials arrived at Alexandria on the 12th of Novem- 
ber, 1860, but it was not until the 2Uth of December following that 
they were all received at Suez, and placed on board the “Union,” which 
then sailed for the Ushruffee reef. The expedition thus commence 
was, unfortunately, not successful. The causes of the failure were 
given at length in the Paper, but it would be sufficient to state the re- 
sults of the season’s labor, which lasted three months. The piles were 
erected on the reef and their heads were connected by the bottom iron 
frame. The whole of the iron-work was landed, and laid out in order, 
upon one of the neighboring islands. This was not originally intended, 
as the plan decided upon was to moor the ship as near as possible to the 
reef during the progress of the works. and to land and sort the ma- 
terials upon the concrete base of the lighthouse itself. After a full in- 
quiry into the circumstances which had led to this failure, the author 
was instructed to make arrangements for a new expedition, and he 
readily assented to the suggestion that he should remain on the spot 
until the operations as to which difficulty had to be anticipated were 
completed. The permanent superintendence was intrusted to the late 
Mr. C. W. Scott (Assoc. Inst. C.E.), Captain W. Kirton being in com- 
mand of the *“* Union.’’ As the materials had been landed on the Ush- 
ruffee Island, it was determined to form a land establishment for the 
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working party there rather than to quarter the men on board. This 
Jeft the steamer free to carry a working party to the Deedalus, with- 
out interfering with the operations on the Ushruffee. The staff was 
re-organized, and the list of plant and of materials revised ; but owing 
to several causes the operations were not resumed on the Ushruffee 
nutil the &th November, 1861. The first step was to form the shore 
establishment. This oceupied three weeks, owing to the want of skill 
of the native carpenters in getting the huts ready for occupation. Dar- 
ing this time, however, some progress had been made at the light- 
house. The eaisson of iron plates to enclose the concrete base had been 
setup, and about 200 tons of gravel had been placed upon the reef, 
where it was exposed toa wash sufficient to remove some of the clayey 
particles. The process of depositing the concrete was then commenced, 
the plan adopted being to deposit it upon sheets of tarpaulin, whiel 
sunk with the weight, and protected the soft material from the ac- 
tion of the water, until a mass of several tons was collected. When 
the whole space was covered in this way up to above low-water mark, 
the remainder was deposited, as the state of the tide allowed, until the 
whole height of d feet from the surface of the coral was complete. The 
first half of the concrete was formed of 6 measures of gravel to 1 of 
Portland cement, mixed in the lighters moored alongside the caisson. 
‘The second half was formed of lime, puzzuolano, and broken stone, in 
the manner usually practised in the country. The latter was mixed 
dry at Suez, and was wetted on being deposited. 

When the suecess of the process of depositing the conerete was well 
assured, the author turned his attention to the Deedalus, which was 
reached on the 26th of December. A site for the lighthouse was chosen 
near a small sank-bank of triturated coral, as it was determined to use 
the sand for the concrete, and as it was also convenient for beaching 
hoats, &e. The surface of this reef was very irregular, there being 
numerous hollow places, varying from 1 ft. 6 in, to 2 ft. in depth. A 
four-legged shears was set up on the intended site, and a platform fix- 
ed Upon it at the level of the underside of the pile collars. Upon this 
plattorm were bolted together the plates forming the polygon to com- 
plete the inner cirele of piles. The six piles were then successively 
raised on end, and the coilars were bolted to the polygon. When the 
six piles were fixed, the original stage was removed, and a new one was 
formed to receive ina similar manner the outer polygon. This having 
been fixed in place, and the two polygons connected by the radiators, 
the outer piles were raised. The caisson plates were then set up, 
being first bolted together and then partially riveted. The whele of 
these operations oceupied seven days and a quarter, the staff employed 
consisting of four workmen, and parties of from six to eight men of 
the crew. The lighter was then moored upon the reef, and the steamer 
proceeded to Ushruffee, whence it returned with 50 tons of cement 
und twenty Arab laborers, under a native foreman, for depositing the 
concrete, and having a second lighter in tow. The concrete here used 
consisted of 34 measures of coral sand to 1 measure of cement. The first 
operation was to fill up the holes between the coral lumps with coal 
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bags filled with conérete, so as to make an even surface to lay the tar- 
paulins upon. The deposit was then carried on in the same manner 
as at the Ushruffee. The quantity of cement above alluded to was: mly 
sufficient to comp lete three-fourths of the required height of the bh ek. 
This occupied just eight days, and then the author returned to Ush. 
ruffee, and finding five tiers of that lighthouse erected and | sale 
riveted, he handed over the entire charge of both works to Mr. Scott 
who shortly after proceeded with a party of four mechanics, two 

ers, four laborers, and ten Arabs, in all twenty, besides the © 
Deedalus. With these, in twenty-six days—the work being ¢ 

only on twenty-one days—the whole frame-work was erected a 

ed together, two floors and the water-tank were completed, 

Jower room was enclosed. Two mechanies and four sean 

then placed in the building, with provisions and water, to continu 
work, and the ** Union,” with Mr. Scott, and the remainder of t| 
working party, returned to Ushruffee. Thus in thir ty-seven working 
days, the main portion of the building, now 57 feet in height, was so 
far finished as to be habitable for a party suflicient to complete the 
remaining details. Had the ship been of larger burthen, it was believed 
that these thirty-seven days might have been continuous, and that t! 
whole would have been accomplished during an absence of about seven 
weeks from Suez. The author referred in terms of the highest) 

to the manner in which what might be termed the nautical part 
undertaking had been carried out by Captain Kirton, Subsequently 
the materials for the lantern and the lighting apparatus were deposite 
in the building, and afterwards one leading mechanic, two laborers, and 
five seamen, completed the work between November, 1862, and the 1 
of February, 1863, when the light was exhibited. 

At the last mention of the Ushruffee the concrete base had been 
pleted, and five out of eleven tiers of framing had been erected. [Dur- 
ing the absence of Mr. Scott and his party at the Dedalus, a Em 
pean boat’s crew of six men was engaged in conveying the remainder 
of the materials to the reef and in sorting them there. On the retur 
of the working party the erection was r ipidl y proceeded with, in t! 
face of much difficulty, from almost constant high northerly wi 
The time actually taken in eree ting the skeleton frame-work, 106 feet 
in height, was two months, and the riveting was completed within et rec 
months. The two succeeding months were occupied with the erect 
of the lantern and lighting apparatus, and completing the details ot 
the building, and on the 1st of July, 1802, the light was first exhibite 

In connexion with this undertaking the profession has to regret thie 
loss of a very promising young member, Mr. C. W. Scott, who towards 
the close of the operations was attacked with symptoms which develop- 
ed the seeds of a disease of long standing, under which he succumbed 
after an interval of five months. 

With regard to the cost, a mere statement of the total amount ex- 
pended upon the two lighthouses, £55,211 in all, would convey an 
erroneous impression, unless accompanied by an explanation. The 
cost of the whole as an engineering work, independently of the em- 
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ployment of the steamer, might be taken at £32,079 including all 
contingencies, Supposing the reef to have been within a boating dis- 
tunve, say 1$ mile and } mile from Suez, if the stearaer had been 
equip ped at Suez, and had been conti inuously employed, then, on this 
supposition, the cost might have been £42,082. The rem: lining ex- 
penditure, £13,029 was entirely exceptional, arising mainly from the 
steamer being equipped at Bombay. 


Proc. Inst. Civil Eng., Nov. 10, 1803, 


For the J valof the Franklin Institute. 
Ti ussed Arch. 
By De Votson Woop, Prof. of C. E. University of Michigan. 
Tur problem which I propose to discuss may be stated as follows: 


Let the arch of the Truss be a parabola, or if it be polygonal, let the 


riices of the polygon he ane a paral la h the tie which jt “iis the ends of 


arch be horizontal: all the parts of the truss be reduced to mathe- 
patical lines, and the joints ye rfe tly flea thle. Let the load oyer any 
part of the truss be umiform—or, what is better, let the weights upon 
tlie joints equal each other. 


[t is well known that for an uniform load over the whole length of 


a parabolic are, there are nostrains init but compression (or tension), 
and henee, if the load be above the arch there will e no strains upon 
the ties and braces; and if the load be below, the ties will simply sus- 
tain the total lead; hence the strains upon the several parts are 
easily computed. I will, therefore, proceed to the case of a partially 
i_ed truss, Let the horizontal tie be divided into equal parts by the 
trussing, and let each part be called a bay. 
Let N==total number of bays in the horizontal tie, 
n=the number of a bay which corresponds to the number of a 
brace or pair of braces, 
=the force of compression in the arch at any point, 
horizontal force in the tie, 
=the strain on a brace or tie in the truss, 
the inclination of the arch to the horizontal, 
=the inclination of a brace, or tie, to the vertical, 
=greatest depth of the truss distance from the vertex 
the parabola to the horizontal tie, 
} = depth of the truss at any point, 
=length of bi: ay, 
p= one of the eqilal weights which constitutes the load, 
Vand v,= vertical re-actions of the supports, and let » be counted 
from the Vv support, 
x be horizontal and positive towards V, 
y be vertical and positive downwards, then if 4 is on the right of y it 
will be positive; if on the left, negative. 
zo be the co-ordinates of ¢, 
2'’,y"’ be the co-ordinates of 8, 


~p, the parameter of the parabola, 


Fpsntnsarreyitrigncerencetentaitii saaaiien aecaiancps dea 
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For tlie equation of the arch we have, 


> , 


om rf Y or ln?/?= 2p, 


4 a) 


y or y=- 
4D y Y N<é 


Tt ean easily be shown that if the truss be uniformly loaded from 
o the remote end, the strain upon the brace will be greater 


env brace t 
than if there be an additional uniform Joad between it and the near 


end. 1 shall therefore consider the case of such an uniform load. 


irst, take the ease of triangular trussing as shown in Fig. 1. Let 


the jomts ¢, d, e, f..g, and A, and none upon 


equal welghts resi 
aand&. This will 
if bor a. or both wer 


ns ’ 
that a vertical section 


as stated above, a greater strain on ¢2 than 
loaded with the same weights, Suppose now 
is made just at the right of ¢; said section will 
intersect ch, ¢2, and 3 2, and the strains in these bars must be in 
equilibrium with the forces between the section and B; in other words 
since V acts vertically, \ 


they must be in equilibrium with v,, and 


the vertical components in ¢4 and e2 equal v, and the horizontal 


liave Li 


components in the same bars « | the strain on 3 2, or equal i. 


yuai 
llence using the notation given “uvove, We readily have 


=-V a 


- HT ° . 


V-Htang? 
Ll—taney tang 
This formula is general, whatever be the curve of the arch. 
Calling @ 1 the first pair of braces (or ties) counting from B; let 


F,, Cos f} 


b2e be the x” pair; then will 

21 be the x bay; 3 2 the (n- 1)” bay, and 
N-n=the number of loaded joints, 
. (N-n) p=the total load on the truss, 
N/==a B= total length of truss, 


}(N-—n)/=-distance from the centre of the load to A, 


Trussed Arch. 
Then by the principle of the lever we have 
vnl=(N-n)p. 4} (N-njl 
(N—n)* 
— — 
We also have from the figure, 


Bm==(n L\] 


x7 / 

lx? 
tung 9 ~ . 

b—y Zp[Nnt—(N-2n-1)"] 
To find the tension in the bar 5 2, wet he origin of moments 

at c, and we readily have 
H(D—y')=V(n 
n2/ly 
x 


2v(ZN—Lan — 


Substitute (5), (6), (7), and (8) in (4), gives 


we ee 4n*—] | 
2" aN | dnn—4n'-1 


N—2n ; 
-— : (9) 

j? nt (« 
. [ Gaon | , 


We see in ({) that when 2 is less than LN the fraction in the pa- 


renthesis is negative - but when it exceeds } N, it becomes positive, 
observing that when it is greater than 3 N, less than one-half 
the bridge is loaded, we have this peculiar result: the strain upon « 
tie or brace, Is greatest when the truss is loaded between it and the 
nearer end. We may also observe, that in practical cases the omis- 
sion of the fraction in the parent] ( sts, will not give an error of more 
than one-fifth the true value, and generally the error will be much 
less. Llence we have approximately 
F, cos § =- : ma MT x i , , (10) 
7 aN 

If (10) were true we observe that the strains on any brace will be 
the same if the load extend from it to either end. 

It is easy to show, geometrically, that the vertical components of 
the strains on each of the braces which constitute a pair, as has been 
designated, are equal. To give a further application of the analysis, 
I will prove it by equation (4). Now let a vertical section be made, 
just at the left, but infinitely near 6. The section will cut 42, dc, and 


* Bow in his excellent Treatise on Bracing, gives this as the exact formula, 


rn seine 


nw 9 7 Pa : he 
a 


Sy AOR 
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12. Tang ¢ and vy, will remain the same, but tang @ is negative 
1] 

pen gst? : 


and to find u we have u (p—y’’) 


and equal 


1(2n-1)/ 
. H=2 a 
D-y 


These in (4) give 


F, COs  —_— 


4n?-1 
he ss ne as | 
dun —4n? 1 ja im 


jut the strains on the braces of a pair will net | ( equal, for t} ev are 
unequally inclined. To find F,, we find ¢ from (7) and use it in ({!). 


Frample.— Let N= 8 and pb l. 
To show more clearly the value of the fraction in the parenthe S18, 
Eq. (0), I will keep it seperate in the following table: 


vu 4-000 p. 
“BAOS p. 
i 
TLS p. 
V2T0p. 
° 1000p, 
‘ 


0-7606 p, 


O-4514 p. (yi, 39°22) 07 


(4245 


P OOOO p, 


We may readily conceive these strains to be produced by an wni- 
form load moving without shock over the truss from B to A; and the 
gaie strains in a reverse order may be produced by a movement in 
the opposite direction, 

When Nis even we may have n=-3N, which in (9) gives F, cos 

} Np. 

S . . my: . F 

Next suppose the load on the horizontal tie. This is the more na- 
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tural place for the surcharge. In this case the vertical force sustain- 
ed by each pair when they are all equally loaded, is p. But if only a 
portion of the truss be loaded, equation ({) will not apply, as may be 
seen from the following statements. To produce the greatest strain on 
e3, we unload joints 1 and 2, and load 3, 4, 5, 6, and 7; and calling 
the bay 9 a the n th. the load will be (N—n IPS and the centre of the 


load ng will be j (N— il 1) / from A; hence, to find v we have 


v.Nl=1}(N-n)(N-n-1)E 


N—nj)(N—n 1)\F 


» 


in) 
aN 


If joint 2 be loaded, the vertical force on «2 will not be the sameas 
1?) bat we m \V find it on 62 by making a section just to the left 

and substitute in (4) the values of (6), (10%), and (12). 
rve that these values are all the same as those before used, ex- 


. . . - P 
t¥; hence we have at oOuce, for the strain on the first of the n™ 


(N—n) (N—n” 1) 42-1] 
> cos 4 ) {he 
ras 2N i | ta -4n +] 38) 


Next consider panel trussing as shown in Fig, >. and let the load 
he upon the lower chord, and let the bays in the lower chord be of 


equal lengths. It will make some difference in the strains whether 


But we 


be resisted by ties or braces. 


, 
Vd [om 


First consider braces. 
Let a’ and y’ be the co-ordinates of ¢. 
2” y’ be the co-ordinates of 4, 
32 be the n@ bay, and call e2 the n™ brace, and 
ed} the u*/ tie. Suppose the load is on from 4 to 5, and off from 
8 to 2,including 2; then the load is (N-—x)p; and Vv the same as (12 
>TO oS, ‘ YS; ien the load is (N-2)p, and V the same as | =). 
fhe equation of the curve is given by (1), Lence we have 


z’=(bn-nl,y'= = (N-2n)* 


~ D , 
a!’ =(iN-n- Il, y= -.,(N-2n - 2\s 


4 


nate Se > mae ~ oo er om 
4 ren or pe Eee es, : me 
RA AOC IOC LL DALE ILL AL, LI LAS 
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— 


tang i=’? 

- l — 

p-y’ ~ 4pn (N—2) 
Now conceive a section made just at the right, but infinitely near ¢, 

so as to cut ch, e2, and 8 2: then wi'l equation (4) be applicable. It 

cuts 43, but it is not inaction when e2 is. ‘To find mu, we have by an 


tang j= 


equation of moments, 
H (p—y')=val 
ix? 
sf) oe 
th N 
in (4) give by reduction 
(N—n)(N—” 
nuN—-N—-2° maT 
Tlie i > oe —_ ye hiah 3 nalo lwne 4 
Phis isa maximum for n=1]N, for which it equals | Np; hence, if 
there are less than N bays the central brace will not be strained as 
much as for half the truss loaded as for the whole truss loaded: if 
8, it will be strained the same; if greater it will be strained more 


lso see that 


for half the truss loaded than for the whole loaded. Wea 

for the partial load the central ones are strained more than the en 

ones. The formula does not give the vertical strain on Ba; for it is 
), . ae , 

really V=3(N-1)p; but for n= 1, (15) gives a The reason of 


this failure will be found by observing that in making the reduction 
of (15), a factor (x—1) is cancelled in both terms of the fraction, which 
(} 
factor is 0 for n=1, which would make the fraction = 
EB imple.—Let n=8. D has disapp ared in the reduction, but 
must be known to get @. Let p= 20. We have 


, cos J; eq.(15) ord,eq.(14) cos 4. jorF,eq.(lo 

Tsorg6 48°48’ 0-G587 | 0-G641 p 
; or blor fd 2 55°41’ 0°8321 | 0-9013 p 
- or c2 or et 5 | 28° 4’ (0°8824 | 1-0624 p 
or d3 | 26°34’ (0-8944 | 1-:1182 p 


Althouch the braces which we have considered, at the rear end of 
the load incline towards the load, yet they must incline both ways as 


he 


in the figure to completely brace the truss. For this partial load, t 
vertical strain on al, is the same as on 61; and if the load extends 
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from 3 to A, the vertical forces on ¢2 and 42 are equal. Similarly for 
the other pairs ; hence, observing the numbers in the second column 
of the preceding table, and we have for the actual strains on the ver- 
tical ties taken in their order from either end, when the load extends 

from the tie to the other end: 1a Ps 18 Ps Ps 1a Ps 1a Ps ve P 
Now suppose there are ties instead of braces, in the panels. Mak- 
ing the section at 6 and it will cut the acting bars ch, 63, and 3 2. 

When it is loaded from 3 to a, ¢2 will not act. 
l , 
tang9—=- 45 ; (16) 
b-— V 
and uw. (p—y"’)= 

vin-1)l 


; 


b~-y 


if 


D 
= <3(N-2n 


s given in (12) and targ @in (130): 


(n— 1) 4p 
ij D-y'’ " yl 
l 


b-y” 


is formula also fails, for n X, because, in making the 
N=—2 a 

n, we dropped a factor, , which for n= N becomes 

4 * 


\-n )) 


QO. It is true for all the other ties. 
7) we write n-:-1 for n, we will have (N—n)n, which is th 
~~ , 


15); henee, the vertical component of the strain on a brace 


races are used, is the same as on the tie in the next pane 


s are used; and as the inclinations, ¢2 and c4, for instance, 

- same, the actuc/ strains will be the same. Hence, referring to 

‘eding table, we have (7, p for the vertical strain on the second 
2); |} pon the third tie (or 65), Ke. 

: ceneral principles of the methods here used are applicable to 

‘ases In which the bays of the lower chord are not equal; but in 

| cases we cannot obtain as symmetrical expressions as those here 


? 


Liailroad Cuttings and Embankments.—Side Depths and Side 
Stakes. By Oxtiver Byrne, CLE. 
From the Lond. Civ. Eng. and Arch. Jour., Feb., 1504. 
(Continued from page 152 ) 
1 an embankment (Fig. 7), given the breadth of the 
32 feet; the height cr=18 feet; the side slopes as Ll to 3 


(Br: Ip:: 1: 3); the fall of the surface F to M — 1 in 2H} 
(yN : NM: 263: 1); the rise of the surface from F to k 
Vout. XLVIL—Tuirp Serses.—No. 4.—Aprrin, 1864. 2) 
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the same as the fall, which is very often the ease. Required the 
horizontal distances FN and FL, where the surface of the ground will 
mect the rise and slopes of the road. 


43 
163 
45 plus 2°58 
43 
1dz § 
43 minus 2:3 — 40-7 — FL. 
With embankments the rise answers to the fall in euttings, by 
verting Fie. 5 (ante page 146) it becomes Fig. 4; hence the rule 
for cuttinys is casily made to answer for embankments. 
In a entting, Fig. 8, given the breadth of the roadway AB 
the heizgit cr 20 feet; the ratio of the side slopes 1: bs tl 
<i tion of the 
ar. ground at 
t } 


aken by i 


cance EN 


surfac ec 


90° —14°- 7 


The natural tangent of TOS 4-010781, hence the rise 
the slope of the surface of the ground at the cross-s 
taken as 4°U1 to 1, 


54—FpD. 


4°01 1 2-005 
Subtract . 1-000 


1-005 


Add . 54:00 half-breadth. 


EM —107°73 feet. 
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Again, 4-01 2 = 2-005 
Add . 1-000 


3-000 
54-00 half-breadth. 
17°07 take 


FL -== 86°03 fect. 


54 


BO09 


In an embankment (Fig. 7 given the breadth of the roadway 
30 feet; the height cr 12 feet; the ratio of the side slepes 1: 3; 
the elevation or inclination of the surface of the ground in the direc- 
tion of the’ cross-section= 3°, that 
is, angle KPH DFM 38°. Required 
the horizontal distances EM, FL, 
where the surface of the ‘ground 


1 . 5 . 
iIncets tue §1ae slopes. 


90°— 3° =- 87°; tan 87°=- 19-081197. 


Ilence the rise and fall of the surface from the centre stake F may be 
represented by the ratio 19-08 to 1. 
30. 4 
HF=‘*_ +-— X 12=31= rp. 


19-08 <3 =14-31 


Subtract . 1-00 


por m ee “; 
a oe ? P oe > Seto 
RN Te PONS IER Eas NNR! mn Re td 


9.99 
~ vv 


31 ‘OU FD 


00°33 = EM 


31 
dovod 


am Of? 
= 2-03 


31-00 = ru 


Difference 28-07=—Fr1. 
The simplicity of this plan of putting down side stakes is apparent, 
and the formula from which it is deduced is easily remembered. 
d 
net 
eo... 
nt—1? 


; d=Fri. 


DN = d— FD. 


ee ey 


Si) tawe 
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It should be remembered that in the ratio 1 to n, 1 represents the 
base and n the perpendicular of the side slopes. Ia the ratio ¢ to 1, ¢ 
represents the base, and 1 the perpendicular rise in the case of a cut- 
ting, and vice versa in the case of an embankment (see Figs. T and 8), 
The ratio e to 1, e represents the base and 1 the perpendicular. 

To set out the widths when the surface of the ground is lateral); 
sloping, and when the cross-section consists partly of cutting 
partly embanking. Let k, A, eMB, Fig. 10, be the cross-section of 
railroad, consisting partly of a cutting eMB, and partly of an embank- 
ment AQK. Let t= abu, the bottom width, F the centre stump, 
re h the de pt! i of the cutting, KM the sloping surface of the groun 
irst, suppose the embankment akg to oce upy less than half the | 
tom width, as from A to Q, Fig. 10. And further, suppose the ratio of 
the slope of the earth on both sides of the centre stake FP, to be rep 
sented by the same ratio ¢ to 1; 

FN: NM::t¢:1],orFL:LK::7¢:1. 
Yet the reasoning upon which the practical rule is founded will apply 
to two different sk pe s of ground, from the centre stake F, as in thy 
former case. When the slope of the ground is known, or the ratio ¢:1 
is determined, then the p: it Q where the slope meets the base is read- 
ily found; for 
Lit::7030co. Or ht. 


That is, if the height / multiplied by t be less than Ac, half the breadth 
of the roadway, the work will be at the cross-section part cutting and 
part embankment. 
Let the side slopes be represented by the ratio 1: n, that iS, 
BI: ID=DN ; NM=HL: LK=1:n. 


Put DN=a, and nL=y. 


The horizontal half-breadth rp, through ¥, to meet the slope of 
cutting, is found as in the former investigation, where the slope of the 
ground does not meet the roadway at either side of F. 
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The horizontal half-breadth ru, through Fr, to meet the slope of the 
embankment KH, is easily found when Fp is known, for 

b 

lip = AB= Db, and nF = HD— FD =b—(5 


—~ 


which put= O==HF. 
lini::2:nr2=—N®M. 


Also, ¢: 1::d+2z: : : : =NM; .*. nz= = 8 or p= 4 
This result is exactly the same as that given before, for the increase 
of horizontal breadth in the case of a rise in cutting, or a fall in em- 
banking. 

Lin:: ys my=KL; 


\ . 
} 


7) y 0 


° / ( y 
Again, ¢: 1l::@ : “=KL; .. ny= ——, or y=- - 
which is a similar expression to that given for x; the only difference 
is that d= HF is put in the place of d= Fp. 

Example.—Let ab = b= 28 feet; ro—h=4 feet; the side slopes 
1:2(pt:1p::1: 2); the cross slope of the ground 13 to 1 (FN: NM 

o , . ” . . . 

: 15:1). Required the horizontal distances FN and FL where the 
slopes meet the surface. 


28 


tof 4=16=d. 


» 


Since n= 2, and t= 13, .°. 


= 64, and ., < 


13-1 
*. 16-64=FN 12:48 = FL. 
Example.—In Fig. 11, the embankment MBQ occupies more than 
half the bottom width, as from B to g. Let ac=cB= 14 feet; ro—4 
feet. 


FL: LK:: 138: 1, HL: LK::1: 2; 
as in the last example, required the horizontal distances from F to L 
and from F to N. 
28 


r=~ +}xX4=16=d, 


») _ 


Fu=28-16=12=¢. 
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16 
213-1 
Hence FN=16-64, and r_=12°48 feet. 
Example.—In Fig. 12 the embankment Agk oceupies less than half 
the bottom width from @ to a. Let ac=cp=14 feet; rco=—4 feet; 


>) 
Since n=2, and t=13, i321— 


=e 64, and ES 


FL: 1K:: 13:1; 
Lequired the horizontal distances from F to L, and from F to N. 
28 : 
FD=>= a +4 xX4=16=d. 


FH=28-16=12=0. 
16 12 
o%e = ‘64, and : 
213-1 . 213-1 
FN = 16°64 and rL= 12-48 feet. 
Example.—In Fig. 13, the embankment QBM occupies more than 


half the bottom width, from q ton. Let ac=cpn=—14 feet. ro=4 
feet. 


= 48, 


Fig. 13. 
FL: LK:: 18:1; 
HL: LK::1:3 2. 
Required the horizontal distances from 
F to L and from F to N. 


OR 
FD=-—- +3 X4=16=d. 


FH = 28-16 =12=<0. 


- as in the foregoing examples. 


0 

aa" | 
FN= 16°64 and FL= 12°48 fect. 

By comparing the figures 10, 11, 12, and 13, and observing how 


the formulas z =—= -=<=DN, and y =—— j= EL, may be applied 


in each possible case, the setting out of side stakes, when part of the 
cross-section is a cutting and part an embankment, becomes easy. 
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For the Journal of the Franklin Institute. 
On the Power re quisite Jor the Propulsion of Steam VW sse/s. 
By D. M. Greener, C. E., 2d Aast. Eng. U.S.N. 

problem, like that of determining the relations between the 
temperature, density, and volume of steam, secs never to have been 
satis! ictorily solved: indeed, it is believed that the impracticability, 
if not the impossibility, of solutions based upon purely theoretical 
considerations, is generally conceded. 

As, in the case of steam, the formule in use are based upon ex- 
perimental results, so in the case under consideration, we must satisfy 
ourselves, for the present, at least, with an empirical formula, care- 
fully deduced from the performances of steam vessels. Complete and 
reliable data are available, for this purpose, in the steam logs of ves- 
sels belonging to our navy. 

Ilitherto, it is believed to have been the custom, generally, to em- 
ploy the formula given by Bourne, in his work on ** The Steam En- 
gine ;”’ which is 
‘ HP=CAv’; ‘ (1) 
in which 

up =the total horse power developed by the engines. 

A =midship section, in square feet. 

v= speed, in knots, per hour. 

c =a constant for vessels of similar model ;— different values of ¢ 
being used for vessels of different model. 

Solving (1) with respect to c, we have 
HP 
av’" 

Substituting in this expression the values of up, A and v’, for any 
vessel, the corresponding value of c, for vessels of like model, is found. 

The general principle involved in the foregoing formula, may be 
briefly stated, thus :—TZhe resistance, opposed by a liquid, to the mo- 
tion of a solid through it, varies as square of the velocity, and as the 
midship section of the body; and the work expended, in overcoming 
this resistance, during a unit of time, varies as the cube of the veloci- 
ty, and as the section. 

Ilence the power, absolutely, would be the product of the cube of 
the speed, into the midship section, multiplied by the constant c. 

That the formula, in question, is defective, may be inferred, from 
the fact that the actwal performances of steam vessels, rarely ever 
agree, even approximately, with the estimated performances. 

The defect seems to be, 

1st. That no account is taken of the fact, that a very considerable 
portion of the total power of the engines,—amounting, in marine en- 
gines, to from one-eighth to one-fifth, and varying simply as the speed 
and area of piston,—is expended in overcoming the back-pressure in 
the cylinder, together with the friction of the engine itself; and, 


Cc 


Te en gtr the al wir 
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2d. That too much importance is attached to the differences in 
model, as regards fullness, or sharpness; while the great influence of 
immersed surface is not recognised. 

To illustrate the force of the last objection, let us take the extreme 
case of a cylindrical solid, having a diameter of ten feet, its axis ver- 
tical, and drawing ten feet: the immersed surface will thus be 392-7 
square feet. Next, suppose the form changed in such a manner, as to 
make the horizontal section of the solid take the form of two isosceles 
triangles joined at their bases; the draft and displacement remaining 
the same. Then, if the length be 31-4 feet, and the breadth (beam) 
5 feet, the immersed surface will be nearly 720 square feet. 

It must be clear, therefore, that while an increased length and 
sharpness is attended by a diminution of resistance due to itself, there 
is at the same time an increase of immersed surface, which acts pre- 
judicially to the motion of the vessel; and, moreover, that when the 
increased resistance due to the increase of immersed surface, becomes 
equal to the diminution of resistance, due to increased sharpness, any 
further increase in length and sharpness, for a given displacement, 
will be attended by an absolute increase of resistance. Unfortunately, 
we are as yet, unable to estimate correctly, the effect of immersed 
surface upon the resistance, or to fix the limit to the ratio, of length 
to breadth, which will insure the best results: it is believed, however, 
that in some instances, this limit has been reached, if not exceeded. 

In the construction of an empirical formula, for the purpose stated, 
we shall make use of the performances of vessels, some of which have 
lines of more than average fullness, together with one (Niagara) which 
has lines of more than ordinary fineness. It will be assumed, that 
within the limits of practice, the difference in resistance due to differ- 
ence in model—when compared with the difference in resistance due 
to a slight variation in speed—may be neglected without considera!)le 
error. The results will show how tully we are justified in making this 
assumption. 

In addition to the notation already used, 

Let p= displacement in tons. 

= length in feet. 
= constant, depending upon the power P,, expended in over- 
coming the back and friction pressures. 

constant, depending upon the power P,, usefully applied to 

the shaft, together with the additional friction due to 
that power. 

Then, since P, varies as the speed, and assuming for convenience, 
that it varies also as the midship section, we have 

> =C,AV, ‘ ° ° (2) 

Similarly P,=C,AV°. : ‘ ‘ (3) 

In order to express A, in terms of D, we have, from the relations 
between similar surfaces and solids, and their homologous dimensions 


Ac [, la a! 
Also, p« i, la pi 
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Whence Ala pi, 


e*e Ax Di. 


Substituting in (2) and (5), and collecting, we get 


HP =C,D3 V -| Cc, Di Vv’, . 
ps V (c, -|- C, V*). ; ° (4) 


To find c, and c,, we have from (2) and (5), after substituting bi for a, 


P Pe 
( —-, and ¢,=-—* 
: bbe \ 4 psi v° 


eS} ectively. Taking, now, the distribution of } ower, made lw Chit f 


Engineer Isherwood, U.S.N., in his works, we get in the cases of the 


diflerent vessels named, the follow ng results, viz: 


NAME OF VESSEL. 


Merrimack, . , ; ‘T8184 HAT S45 


Wabash, 14547 (Hi4. ) 
Minnesota, . " 8 ; "15875 OO45725 
Roanoke, er eu “HIS 

Niagara, 15067 Mes 7 


Mean values, : 1452 “OU4OS46 


— 


Phese values, substituted in (4), give, finally, 
HP== Di V(*1lood 4- ‘0046846 v*). ° (5) 

The close coincidence of the e nstants, for the Niagera, with those 
of the other vessels, will be observed; it seems to indicate that the 
limit of the ratio, of | neth to the breadth of beam, has been exceed- 
ed; or, that the power required to propel her, is as great as it would 
have been, had her model been similar to that of the other vessels 
named, 

In (o), the part, v(°1552 0040546 v*) 
may be tabulated thus: 


Then, in every case, we have 
HP = DiC; . . ° (6) 
¢ being taken from the table, to correspond with the required speed, 


Example.—Required the total power of the engines which will de- 

velop a speed of 14 knots in a vessel whose displacement is 1600 tons. 
From (6), HP = 10003 & 15-0273 
= 100 » 15°0273 

= 1602-7 
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It should be remarked, in this connexion, that the formula is claim. 
ed to apply, only in the case of the maximum performance of the ves- 
sel; for, as the speed of the vessel is diminished, the value of P, will 
diminish faster than p; and hence the result given by the formula 
will be too small. The error due to this cause, however, on ordinary 
speeds, will not be very great. 

By the aid of the formula (5), has been prepared, the following 


TABLE OF POWERS DUE TO DIFFERENT DISPLACEMENTS AND SPEEI 


= 10 \ 


”) 


5) 
dine 
47) 
sow 
4000 
DOG 
5100 
a2 
, B00 
40 
DOU 


PsP ebeber ett etet=t 
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placement at the side of the page; trace the ¢olumns to their intersec- 
tion, and the number found will be the required power. 

The vacuum, in the case of maximum performance of each of the 
vessels employed in determining the constant ¢, and ¢,, was about 26 
inches of merenury 5 an | in the construction of the formula it has been 
assumed that an equal degree of rarefaction will always be secured. 
If the vacuum be less, in any case, then there will be an additional 
amount of power required, due to the difference. 

As a confirmation of the close approximation to the truth of the 
assumptions made in the foregoing, it may be stated that, so far as it 
has heen practic ible to Compare the results of practice (the actual per- 


forn imces ot Ss 


team vessels.) with those ive n by the formula, the re- 
sults have been invaria! ly satisfactory. 
lt may be stated also, that Morin has found experimentally that, 
the forms ¢ xperimecnl dl upon, the form of least resistance was 
Sphere. next mn order cahie the cylinder, terminated by hemisph Tess 


this came the evlinder terminated by cones. 


Bosut found that in 
the case of two models having angles of 12° and 24° at the bow, re- 
spectively, the resistances were sensibly equal. 

Mr. Rankine, President of the Association of Engineers, of Scot- 
land, and Professor of Mechanics and Civil Engineering, in the Uni- 
versity of Glasgow, in his work on Applied Mechanics, p. 599, says: 

* From the results of observations of the engine power required to 
propel vessels of different sizes and figures at «different velocities, 
there is reason to think it probable, that when ships are built of such 
figures that the water glides round their surfaces without forming surge 
or large eddies, the principal part, if not the only appreciable part of 
he resistance is due to the direct friction between the water and the 

ittom of the ship;and if this opinion should be confirmed by further 
observation, it will show that the advantage of Mir. Scott Russell's ‘wave 
line’ figures, and of any other figures which may be successful in 
combining speed with economy of power, consists in causing the water 
‘ proportion of length tobreadth is best, and 
uffuess, but excessive sharpness also, is un- 
favorable to speed combined with economy of power.” 


{ yal} le past the ship with the least possible acit ition a d friction and 
also, that a certain definit 
that not only excessive b 


Naval Academy, Newport, R. 1, April 11, 1864, 


Finely Divided Iron and its pplication for the Precipitation of Copper 
Jrom Solutions and other purposes. 
From the Chemical News, No, 25, 

Mr. Gustav Bischof. of Skelly, near Swansea, has built a reverbera- 
tory furnace at the works of Messrs. Roberts, Dale, and Co., Warring- 
ton, for the production of finely divided iron, by heating a mixture of 
pulverized oxide of iron and carbonaceous matter, avoiding fusion. The 
powdered iron thus obtained is used for the precipitation of copper from 
its solutions in the manufacture of aniline instead of iron filings, and 
for other purposes. 
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In the manufacture of aniline iron filings may be used as usual, 
which, having been oxidized, are re-converted into the metallic state 
as described, thus being employed over and over again. 

For the precipitation of copper, Spanish or Irish burnt ores contaiy 
ing a few per cent. of cop per are reduced in the above furnace. B 
iron and copper in these ores are converted into the metallic state, ; 
heing employed for the process of precipitation, the latter mixes \ 
the copper precipitated from solutions. As by these means the w! 
copper contained in the burnt ores 18 extracted, the greater val 
such cop - r to the pric c pai d for the ores fully covers the cost 
chase and reduc ‘tion, even le: iin oi n most causes a CO! side ‘rab le Surp! 

Trials made with the precipitation of copper ok ym artificial s 
and mine waters by Mr. Bischof have a mply pr the powert 
tion of such iron powder. This process therefore combines the 
of all costs for iron with a greatly facilitated and aecelerated pre 
tion, 


Compensated Pendulums for Gravity Escapements. By E, B. Denisov. 
; the J Mecha Magezine, February, 1868 
Sin :—T have now had time to test by experience a discovery whi 
I made about twovears ago of a very remar 


erto received calculation of the h ig] ( he mereury required toc 


’ .} . , . ; . 
. leo etal; 1 
KRvIC INnistane in the 


pensate a seconds pendalum of the usual construction, and especia 
those with a cast iron jar. 

It was originally given by the late Mr. F. Bailey, P.R.Astr.§ 
in the first volume of that Society’s Memoirs; and the calculation 
is so long and complicated, that it i 
of the ult imate result has 
Certal inly L should never have tl 
not found that 
carry 28 lbs. of mercury obstinately refused to conform to Mr. | 
within a difference of 2 ins. in the height of the mereury. 


some calculations of my own for a new pendul 


The error is nothi ng less than this :— ‘ter taking into acco! 
number of small; and compari itively nsignif ‘ant elements, he altog 
forgot the weight of the jar itself, which is not inconsiderab] 
if it is a ect one with the usual frame or stirrup; and if 
(which, for various reasons, is the best construction), it is neve 
than one-third of the weight of mercury even in a wide jar, and mor 
in the usual 2 in. jars. And as the rise of the top of the mereury has 
to compensate not only for the fall of its bottom when the rod expands 
by heat, but for the fall of the heavy jar aiso, it is evident that the 
he ight of the mercury must be consid erab ly more thanif the weiglit of 
the jar might be disregarded. Exactly the same mistake was made by 
Captain Kater in his popular version of Bailey’s calculation in Lard- 
ner’s ‘* Mechanics.”” In the “ Rudimentary Treatise on Cloc ks, ed 
gave no calculation of my own, but merely stated the generaliy re- 
ceived result, with a small addition which seemed to be suggested by 


experience. 
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On the Parabolie Construction of Ships. 
From a Lecture delivered at the Polytechnic College, Philadelphia, Feb. 11, 1864. 
sy Joun W. Nystrom, C. E. 

The Parabolic Construction of Ships is now brought to perfection. 
Its progress has appeared in the Journal of the Franklin Institute, 
and I will here give the conclusive and fundamental formula for the 
system. 

* All the lines in a ship can be constructed by one simple formula, 
namely : 


half the breadth. 
length from a to the stem or stern. 
For the frames, d, or the depth from load water-\ine to the 
keel, takes the place of U. 
ordinate for the line. 
abscissa, 
exponent. 
power of the exponent n. 


This is the general formula for the Parabolic Construction. Simple 
as it is, it gives any line or form of a ship that can reasonahly be re- 
quired. It will form a square, rectangle, triangle, circle, ellivse, para- 
bola, hyperbola, cyma; all of any order or combination. 

The variety of lines represented by the figure are obtained b> alter- 
ing the power g, while n remains constant; or any variety of hnes can 
be obtained for each value of the exponent n. 

It is here found necessary to the development of the subject. to pro- 
pose or establish new names to such lines as have not heretofore been 
defined or subjected to an algebraical formula. The degree of deve- 
lopment of an art may be correctly matured by the perfection of its 
vocabulary. As the construction of ships has not heretofore been 
brought to a perfect system, we have not been able to define the 
great variety of lines or forms of ships. We can say, a vessel is very 
sharp, or very full, with more or less rise of floor: but have no lan- 
zuage by which to convey correctly, how sharp, how full, or with how 

Vou. XLVII.—Turrp Sertes.—No. 4.—Arrit, 1864. 21 
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much rise flo As an illustration it may be menti 


one occasion 1 some shipbuilders, and discussed wit! 


construction of ships; when one said, “I am constructing 


oa . pee 
will be so sharp, that vou cannot reli a barrel on the low 


In fifteen f of the Low.’ which mac 


} . x7 
ic me no wiser. JIN 
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with 48 different exponents #, making 864 different Ines: which will 
cover the most general requirement in practice. 


hue fol] wine is re sample of a part of one tal if 


table, exponent, or power, can be e 
‘ . ae es 
water-il Ss. Of Gispraceme nt. 


“me - ancy -atay. 1s ’ . ‘ 
Area of any Water-iine @ or a. } ’ 
*“ eross-section ar or 6. / sy, 
‘ ° . b ? : ’ . 
( ubie content of displacement Db. } e 
‘ 


hich integral co-eflicient is contained in the ¢ lumn a. D. 


aa 


ihe depth of the centre of cravity of any cross-section, or of the 
displacement, or the distance from the deadila », to the centre of 
rravity of the area of any water-line, or of the fore or aft part of the 


displacement, will be 


mn 


> 


. . ws a , : 1; ] 
which integral co-cficient is contained in the 


° ' 
The heieht of metacentre will be 


which integral co-efficient 


is contained in the column 9. 
When the power g and exponent » are given, we have, 
LB 


Heicht of metacentre m = —s 
_ ) 


» — ‘ (Ib » 
Momentum of stability = sin. v ( -a 7). 


Q = weight of the vessel, and y= vertical height between the two 
centres of gravity. 
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The treatise on the Parabolic Construction, now in progress, will 
contain fuller explanations, with practical examples and drawings, 
which, on account of the tables being so complete, requires no alge- 
braical formulas in its application. 


On the Numerical Expression of the Destructive energy in the Er- 
plosion of Steam Boilers, and on its Comparison with the Destrue- 
tive Energy of Gunpowder. By Grores Bippe.. Airy, Astrono- 
mer Royal. 

From the London Mechanics’ Magazine, November, 18¢3 

1. A little consideration of the changes in the state of the water 
and steam, which occur during the bursting of a steam boiler, will show 
that very little of the destructive effect of an explosion is due to the 
steam which is contained in the steam-chamber at the moment of the 
explosion. The rupture of the boiler is effected by the expansive 
power common at the moment to the steam and the water, both ata 
temperature higher than the boiling-point; but as soon as steam es- 
capes, and thereby diminishes the compressive force upon the water, 
a new issue of stcam takes place from the water, reducing its tempe- 
rature; when this escapes, and further diminishes the compressive force, 
unother issue of steam of lower elastic force from the water takes place, 
ugain reducing its temperature ; and so on; till at length the tempera- 
ture of the water is reduced to the atmospheric boiling point, and the 
pressure of the steam (or rather the excess of steam-pressure over at- 
mospheric pressure) is reduced to 0. It is the enormous quantity of 
steam, of gradually diminishing power, which is thus produced from 
water during the course of the explosion, that causes the disastrous 
cfeets of the explosion; compared with this quantity, the small volume 
of gas, which may happen to be in the steam-chamber at the time, is, 
in boilers of ordinary construction, wholly insignificant, and may be 
entirely put out of sight in the succeeding investigations. 
®, If we compare “the course of changes, in bursti ing, in two boil- 
ers, a large one and a small one, we sce that the order of changes is 
the same in both; but that to reduce the temperature of a large body 
of water by a certain number of degrees, a large volume of steam must 
escape, Whereas to reduce the temperature of a small body of water by 
the same number of degrees, it will suflice that a smaller volume of 
steam (smaller in the same proportion as the bulk of water) escape. 
‘Thus it will appear that the whole volume of escaping steam at a given 
pressure, and the whole destructive energy of the steam, are propor- 
tional to the bulk of water. 

3. For measure of the destructive energy of the steam, we must 
suppose the simplest and most easily measurable case—namely, that 
the steam, in expanding, drives a piston along a uniform eylinder. It 
is necessary to ascertain the value of the pressure ¥ when the steam 
has expanded so far as to have pushed the piston to the distance z: 
then the measure of the total energy is dz. F, the integral being 
taken from the point where the piston was in contact with the water 
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to the point where the excess of pressure of the steam above atmo- 
spheric pressure = 0. 
n the case of gunpowder fired in acannon, where the weight of the 
} 9 taal 
ball and its velocity on emergence are found by experiment, the energy 
e.} ° 7) ah 
of the gunpowder as acting on the ball will be thus found:—The pres- 
sure at distance y being }’, acting on a ball whose weight is w, and y 
being the numerical measure of the acceleration produced in one se- 
cond of time by gravity (g==32-'1908 if the unit of measure is the Eng- 
lish foot, or == {8116 if the unit is the French metre), v being the 
velocity at distance y, and v the whole velocity acquired, then the ac- 
Fy dv Fg 2 


° . j . 9 / a 9 
celeration is —*’, and therefore v =-= —-, ’——/fdy. ¥’, and v= 
W dy W ali. 


Do >) 
] -* . =~} - 
total integral — /dy. ¥’ total energy, whence the total energy 
x WV * ° W e . 
And if w be the weight of the gunpowder, the energy of 


, ; : wv. v 
one unit-weight of gunpowder = 


¢ 


=g.w 


5. Several years ago (before 1849) I had desired in this way to 
compare the destructive energy of steam from a bursting boiler with 
that of gunpowder; »nd I had requested the assistance of my friend, 
Professor W. HL. Miller, of Cambridge (to whose knowledge of the 
progress of accurate science in every department of physics 1 have of- 
ten been indebted), to enable me to give numerical values to the ex- 
pressions involved. At that epoch, however, the theories and experi- 
ments on steam were not sufficiently advanced, and I was compelied 
to lay aside the inquiry for a time. 

G. In the spring of the present year I requested Messrs. Ransomes 
and Sims, of Ipswich, to furnish me with an experimental result on 
the quantity of water escaping from a high-pressure boiler in the form 
of steam when the valve is gradually opened. This experiment was 
undertaken by George A. Biddell, Esq., Engineering Superintendent 
of the Orwell Works. ‘The result was that, when the bulk 22 cubic 
feet of water in a locomotive boiler was raised to the temperature 
which produed a pressure of 60 Ibs. per square inch, and when after 
raking out the fire the valve was gradually opened without every pre- 
caution against priming, the quantity of water which escaped in the 
form of steam was 2} eubiec feet, or one-eighth of the whole. 

7. Possessed of this experimental fact, I again referred to Professor 
Miller for such theories and citations of experiments as might be re- 
quired. And by his kind assistance I was enabled to complete the in- 
vestigation. And here [ may state that the whole which follows is 
Professor Miller’s with the exception of the integration of the steam- 
pressures, the inference from the cannon-experiments, and the com- 
parison of steatn and gunpowder. 

8. In giving the heads of Professor Miller’s theory, I must premise 
that the temparature are Centigrade, the unit of linear measures isthe 
metre, and the unit of weight is the kilogramme. The formula adopted 


21° 
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#s connecting the volume of steam with the volume of water (at maxi- 
mum density) from which it was generated, is Fairbairn’s and Tate's 
(Phil. Trans. 1860, p. 219). The formula for the number of calories 
required to convert water into saturated steam of temperature TT’, and 
the pressure at temperature T, are from Regnault (Memoirs de U Ln- 
stitut, vol. xxi, pp. 748 and 728). 

9. The first part of Professor Miller’s investigation applies to Mr. 
Biddell’s experiment. The steam-pressure of 60 lbs. per square inch 
is represented by a column of mercury (at 0 deg.) 3:1028 metres in 
height. Adding the atmospheric pressure 0-76 metres, the entire 
elastic foree of the steam is represented by a column of mercury 3:8628 
metres in height. The corresponding temperature of saturated stean: 
by Regnault’s Table, is 152 ‘84 de grees. Now the quantity of water 
is 22 cubic feet, which at 100 degs. weighs 597-1 kilogs., and the hes aut 
requisite to raise the temper ature of this water from 0 deg. to 152 
degs, is 597-1 154-38 calories (the last number being Z ‘rived om 
Regnault’s formula T-|0-00002 T?-+-0-0000003 T?, where T’ for this 
instance = 152-84), or 92,182 calories. When all the steam has bee 
blown off, the 597-1 kilogs. of water are se parated into 2 kilogs. o! 
steam at 100 degs. +, ANG 1(5 UT: 1—z ) kilogs. of water at 100 degs. { This 
applies strictly when the steam has blown into a cylinder and has 
driven a piston, because then there may be such intercommunication 
of temperature between the portions of steam as will ensure that the 
final state of the steam is that of saturated steam at 100 degs.; it is 
probably true or very approximate when the steam has blown out at dif- 
ferent temperatures and has been lost in the atmosphere.] To heat 

9T-1-2x) kilogs. of water from 0 deg. to 100 degs. requires (597*1-.) 

100°5 calories; and to convert x kilogs. of water at 0 deg. into steam 
of 100 degs. requires (606-5  0°305 100) » x calories | by a formula of 
Regnault’s). Supposing, then, that the amount of heat as measured 
by the number of calories is not altered by the blowing out from the 
boiler, 

92,182 = (597-1—z) « 100°5+-637 > 2, 
whence x, the weight blown out as steam,=59'8, This, however, is 
equivalent to only 2-2 cubic feet of water, instead of 2-75, the quan- 
tity which Mr. Biddell found to have passed away in steam. 

10. Professor Miller supposes the difference to be cause d pr ine ip: ally 
by the heat of the mass of iron which surrounds the water ; any burn- 
ing fuel which may have been left in the fire-box would add slightly 
to its effects. It appears best, therefore, to assume the experimenta il 
fact, and to infer from it what quantity of heated water we ought to 
add (in investigation) to the quantity of water really present in the 
boiler, in order to produce correctly the amount of water which in the 
experiment was blown out as steam. Now 2°75 cubic feet of water at 
100 degs. weighs 74°638 kilogs. Let y represent the number of kilogs. 
in the bulk of water which m: iy be considered equivalent to the com- 
pound consisting of 22 cubic feet of water, the unknown weight of 
iron, and the unknown quantity of fuel. a o heat y kilogs. of water 
from 0 deg. to 152-84 degs. requires 145°38 » y calories ; aud this is the 
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amount of heat in the complex equivalent before blowing off. To heat 
(y—74638) kilogs. of water from 0 deg. to 100 degs. requires (y-— 
74638) x 100-5 calories; and to convert 74°638 kilogs. of water at 0 “ 
into steam at 100 degs. requires 74°638 » 637 calories; anil the a iggre 
gate of this with the last, or (y—74°638) x 100°5 —- 74638 >< 6: 37, 
represents the number of calories in the complex equivalent after the 
blowing off. Making this equal to the number before blowing off. 
154°38 << =(y—74-638) < 100-5 | 74-638 & 637, whence y= 743-2. 

Comparing this with the weight of the 22 cubic fect of water alone, 
or 5UT+1 kilogs., it appears that the heated materials extraneous to 
the water produce the effect of 146-1 kilogs. of water. 

11. Assuming then that there are really 743-2 kilogs. of heated 
water, the investigation of the destructive energy proceeds th ss 
heat 745-2 kilogs. from 0 deg. to 152-84 degs. require s T4520. 15 tog 
calories == 11 4,7: 10 calories ; and this is the quantity of heat for which we 
must account In every stage of the expansion, when the steam is 
allowed to blow into a cy ylinder and drive a piston before it. Now at 
any instant let « be the number of kilogs. of water converted into satu- 
rated steam; ‘T the common temperature of water and steam; Q, the 
number of calories required to heat 1 kilog. of water from 0 degree tu 
T; A, the number of calories required to convert 1 kilog. of water at 
) degree into steam at T; P, the pressure of saturated steam at T in 
milimetres of mercury at 0 degree; K, the same pressure in kilogram- 
mes per square decimetre (all which are given for numerical values 
of T by Regnault); V, the ratio of the volume of saturated steam un- 
ler pressure, P, to the volume of the water at 0 deg. from which that 
steam 1s derived (which is given by Fairbairn’s formula), Then, form- 
ing the expressions for the number of kilogs. of water and steam re- 
spectively, and multiplying each by its corresponding number of ealo- 
ris, and equating the aggregate to the original number of calories, 


114,740 — (745-2 — w)X Q: -—-w XK A,. 
From this formula, with any assigned numerical value of T, 7 (the num- 
ber of kilogrammes of water converted into steam) is found in numbers. 
And V, the ratio of the volume of the steam generated to that of the 
water from which itis generated, is taken in numbers from Fairbairn’s 
formula. And a kilograimme of water occupies one cubic decimetre of 
volume. Therefore the volume of steam, in cubic decimetres, is wXV, . 
of which w are left in the boiler to occupy the place of the expande «ll 
water; add the volume of steam expelled from the boiler is wX(V_y—1) in 


cubie decimetres, or <(V,—1) in cubic metres. 


1uvu 

12. § Suppose, now, that the steam in escaping entersac ylinde ‘r whose 
section is 1 square inetre, driving a piston before it. Let z be the dis- 

tance to which the piston has traveled (the unit being the metre). Then 
w 

= 1000 


(the unit being the kilogramme) is 100XK,. Therefore the two ele- 


<(V;—1). And the pressure of the steam on the piston 


248 Mechanics, Physics, and Chemistry. 


ments, the distance of the piston and the pressure upon it, can be eal. 
culated numerically for any number of numerical values of 'T. To find 
the effective pressure, the pressure first found must be diminished by 
the atu lospheric pressure, or by the pressure of steam at 100 degrees, 
and it thus becomes 100 X(Kkx, ee . Thelimit of the length of the 
cylinder will be determined by finding where the steam pressure = at- 
mospleric pressure. By Fairbairn’s forinula, 74°638 kilogrammes of 
saturated steam at 100 degs. (the quantity which escaped in Mr. Bid- 
dell’s experiment) occupy “122: 28 cubic metres; of this, 0 OT46 cubic 
metre remains in the boiler, taking the place of the water from which 
it was produced > the whole volume expelled is therefore 122-21 
bic metres, and the limiting length of the cylinder is 122-21 lincar 
metres. , 

13. y tnese methods Professor Miller caleulated the following 
corresponding values of z, the distance to which the piston has trave 
ed (the unit being the metre), and F the effective pressure on the pis- 
ton (the unit being the kilogramme). The degrees of temperatare ar 
also given, as they are the elements from which z and F are computed; 
but they are not in any way used in the subsequent oalovlasions. 

» F. 
Kilogrammes. 


42? 185 


oS ,oavb 


ow Te 


lie 


14. The effective energy of the ¢ ‘a anding steam, as shown (for in- 
stance) by the momentum communicated to a material patton, will be 
repres¢ nted b ry the integral /dz. P, As the symbolical form of the 
function F is not known, it is necessary to perform the integratio: 
by quadrature. For this purpose I laid down the twelve data of this 
Table graphically (taking zas the abscissa, and Fas the ordinate), 
and drew a curve by hand through the points so defined. Then | 
measured the ordinate for cach of the values of z ; 0, 1, 2, 3, &e. And 
] integeated them by the formula } (first ordinate- last ordinate) 
sum of intermediate ordinates—1:']2th sum of second differences; 
where it is seen that sum of second differences is sensibly equal to— 
first of first differences. Thus I found the integral 

1,151,400 
which is the true measure of the energy of the 22 eubic feet of water 
at the temperature which produces the pressure 60 lbs. to the square 
inch, in a hot iron boiler, the units of the energy being the metre and 
the kilogramme. 

15. If this be diminished in the ratio of 743-2 kilogrammes (the 
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fictitious weight of water on which Professor Miller’s calculations are 
made) to 597+1 kilogrammes (the real weight of water), then we shall 
have for the measure of the energy of the 22 cubic feet of water at the 
same temperature unassisted by the hot iron of the boiler, 
YUULUU0; 

and if we divide the two numbers by 22, we have for the energy of one 
cubic foot of water a temperature producing a pressure of 60 tbs. to 
the square inch. 

As surrounded by hot iron, 51,400. (This is the practical value.) 

Without influence from surrounding iron, 41,300. (‘This is the philo- 

sophical value.) 

16. Lnow proceed with the evaluation of the energy of gunpowder. 
The formula applicable to cannon experiments is given in Art. 4. Pro- 
fessor Miller referred me to a series of experiments by General Di- 
dion, in his ratte de Balistique, p. 485, These experiments were made 
with cannon of four different bores, and with eighteen different charges of 


powder, in each cannon. ‘The first thing to be done was, to find by 


pas goa w.V, i ’ 
trial for each cannon, by means of the formula ,, > fwhich forasin- 
Wf . W 


gle cannon may be reduced to }; what was the charge of powder in 


i’ 


which the momentum produced bore the greatest proportion to the 


) 
weight of the powder. it was found to be the following: — 


With ball of 12 kilogs., 1-500 kilogs. of powder. 
“ S-O7 + 1-250 
“ G08 « O-ST5 
“ 4-05 « 0-625 
Then adopting these four for comparison among themselves, by the 
wat « , as 
formula ay? twas found that the cannon in which the powder was 
nost efficient was that with a ball of 6-08 kilogrammes. Here it may 
desirable to state that the bore was 0-1213 metre, the diameter of 
lie ball 0-1182 metre, the length of the bore 2-815 metres; and, with 
le charge of powder 0°875 kilogramme, the velocity of the issuing 
” , , TV 
ball was 400 metres per second. Applying the formula 10-623 5 eg 
"Us Aw, 
the energy of 1 kilogramme of gunpowder (as fired in a cannon) is 
found to be 00,056, 
and that of an English pound of gunpowder. 
25,700, 
the units being in all cases the metre and the kilogramme. 
17. Comparing this with the numbers found in Art. 14, we have, 
Lhe destructive energy of 1 cubic foot of water at the temperature 
which produces the pressure 60 Ibs. to the square inch, surround- 
ed by hot iron, is precisely equal to the destructive energy of 2 
lbs. of gunpowder as fired in a cannon. 


or . . . 
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18. The destructive energy of the hot water, however, abstractip 
the effect of the surrounding hot iron, is considerably less than tJ 
number used in this comparison; and the d: 
gunpowder, abstracting the effects of windaze, cold iron, and shor 
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pertorman ‘e of the engines. So many accidents attended the use of 
high steam, cut off at an early part of the stroke that economy of fuel 
came to be regarded as synonymous with repeated breakages; but 1 
was quite possible to raise the duty considerably above the present 
averaye, without resorting to an undue rate of expansion. This might 
be accomplished by a more perfect and extended system of reporting 
the engines, and by a new form of duty paper, embracing the follow- 
ing additional items :—First, that the load upon the piston should be 
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lie believed to be, the indifference of the mine proprietors to the 
performance of the engines. So many accidents attended the use of 
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be accomplished by a more perfect and extended system of reporting 
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ing additional items :—First, that the load upon the piston should be 
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is then put into clean water again, and left there for a few minutes, 
during which the operator prepares a second photograph if required. 
The former one being taken out, is put into solution B, where it stays 
for a few minutes, and is then washed and rinsed as usual. Now, as 
the time of immersion will influence the depth of color, by successive 
jmmersions an orange-colored cravat will be obtained in one minute, 
a coffee-colored great-coat in five, violet-colored trousers in ten, and a 
black coat in thirty minutes, while the hyposulphite of soda, or solu- 
tion B, gives color to the flesh and hair. Hence certain colors, thoug! 
not quite the natural ones, may be obtained, which is a decided step in 
advance of what had been previously achieved. 


Theory of mente & Storms. 
From the London Athenawuni, Jan. 1SO-4. 

In a paper read at the last meeting of the Royal Society, the As- 
tronomer Royal propounds a theory to aceount for the p! henomena 
known as magnetic storms, The behavior of water under the influence 
of different currents and various obstacles, as, for example, among 
islands, has been often observed and deseribed : and this may be taken 
as one illustration. Another is found in the behavior of air during dis- 
turbances of the atmosphere. These phenomena, in Mr.Airy’s opinion, 
represent the movements of a magnetic ether which he supposes 
overspread the whole surface of the earth as an impal Ipable fluid envelope 
several feet in thickness. If we then conceive this magnetic « thi 
*‘to be subject to occasional currents produced by some action o 
sation of action of the sun, which currents are hable to interruption 
or perversions of the same kind as those in air and water,” we hay: 
a theory by which the disturbances that occur in the observed pli 
nomena of terrestrial magnetism may be explained. This theory, em: 
nating from so important an authority, will, no doubt, attract att 
tion in many quarters. Mr. Airy | believes that the questions involved 
might be decided by a series of observations made * at five or six ob- 
servatories spread over a space less than the Continent of Europe.’ 
For accuracy of results he would prefer self-registering apparatus pro- 
perly constructed. 


“The report of my communication to the Royal Society, ‘On Ma 
netic Storms,’ contained in the Avhenewm of the 2d of January (p. 23 
col, 3), is perfectly correct except in the mention of the éuppos 
depth of the magnetic ether, which is stated in the report of the . 
naeum as perhaps several fi t in jckness In my saris ace to 
the Royal Society 1 made no allusion to the prob: ible measure of ¢] 
magnetic ether’s depth ; but I may now state, as my idea, that t 
supposed ether extends much higher, pe rhaps as high as mountai 
tops, possibly as high as the at: nosp here: and somewhat lower. pr 
bably permeating the external crust of the earth. These supposit: 
do not depart from the character of ‘surface-current,’ a term whic! 
I used in the discussion at the Royal Society's meeting. 

“Yours, Xe. G. B, Arry.”’ 
Royal Observatory, Greenwich, Jan. 4, 1504, 
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The Proposed Dictionary of Mechanical Fallacies. 


As this has been thought rather anomalous and outré, a few more 
thoughts on it may not be deemed out of place. The proposition is not 
so preposterous as it may seem, nor is it so at all. The principle is 
universally recognised. In all things we need to be shown the evil and 
the good. To appreciate the one we must know something of the other. 
While ignorant of follies how can we become wise? Intelligence is a 
ccaseless struggle with error in social, civil, political, philosophical, 
mechanical, and ev ery other department of life. In none is truth ob- 
vious at first; so far from lying on the surface to be stumbled on, it 
has to be sought for, dug for, and that earnestly and perseveringly. 
There are what may be called ordinar y deductions, extrinsic rather than 
intrinsic, but truth is the inbeing, the essence of excellence in every 
thing. In the arts it is the shortest way to an object or end; it goes 
to it in straight lines, while error stumbles zigzag around it. It is 
swiftness, strength, elegance, or whatever the attribute may be. In 
forms and proportions it is beauty; in the absence of meretricious acces- 
sories and ornaments, it is taste. The simpler a machine is, the truer 
it is, for the expression of truth is simplicity. Then mechanical like 
moral verities only are enduring. 

Another point about truth is, that people never speak of it as some- 
thing to be estimated, as are lands, money, and goods, by the quanttty. 
‘The idea seems to prevail that where it is, error cannot be, that the 
two can no more mingle than fire and water; whereas, truth is in re- 
ality alloyed in every conceivable proportion. Here it islargely mani- 

st; there, like a grain of silver ina pig of lead, its presence is not 
suspected. It is therefore something of which a little will not suffice in 
physics any more than in morals. It may exist in a mechanical pro- 

‘ss or device, and be neutralized by association with fallacies ; of which 
every poor machine is a proof. Results can only improve as it pre- 
dominates ; and herein lies the difference between the works of nature 
and those of man. In the former all is truth and consequently harmony 
and beauty, while discords and deformities characterize the latter. The 
best of these are to be improved by adding to the amount of truth in 
them. 

Asa class, to none is the caution, “* Beware of Fallacies,’’ more 
necessary than toinventors. Of all men they ought to know that truth 
is only to be reached through conflicts with error—through that which 
steals on them in flattering guise and captivates them with plausible 
counterfeits. It may seem strange that so many keen and shrewd in- 
quirers fall into mechanical sophistries, and what is worse, fall in love 
with them, but the illusions are too seductive to be resisted. The fact 
is as true in physics as in morals, 

“When fiction rises pleasing to the eye, 
Men will believe because they love the lie.” 

Witness those who yet befool themselves with Perpetual-Motions, the 
grossest of mechanical falsehoods. 

Vou. XLVIL.—Tiap Seaies.—No. 4.—Arnir, 1864. 22 
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In ordinary as in the highest affairs, directions abound to prevent 
people from going astray. “We have guide-posts for travelers on cow- 
mon roads, and Government spends millions to make seamen acquainted 
with shoals and other dangers of navigation by day, and on beacons an: 
lighthouses, to direct them into safe harbors at night. For the bene- 
fit of merchants there are in most cities, ** Commercial Agencies, 
institutions whose only capital consists of dictionaries of solvent anil 
insolvent traders. And have we not lists revised weekly of counterfeit 
bank bills, and spurious coin? Naturalists are as earnest in discovering 
and making known noxious, as innocuous animals and plants, while 
chemists keep adding to the list of vegetable and mineral poisons, 
Such are examples of measures adopted io make evils known that the) 
may be avoided, and which are increased and extended as ion, 
call for them. 

Why then, it may be asked, has nothing been done for those w! 
are devoted to the progress of the arts to warn them of paths that lead 
them astray! Why should they be left without compass or chart to fi 
their way over the ocean of speculation’ Sinply because the necessicy 
for such help was not perceived or not sufficiently felt. Lf not yet 
palpabl e, it cannot, we should suppose, be much longer i gnored, The re 
no valid objection to its removal, for whatever may be thong 
exposure of moral offences, the making public transgressions of me- 
chanical laws can do no harm, but much good. A hand-book of errors 
is a guide book to truths. [t would open the eyes and diminish the num- 
ber of offenders. 

As progress depends upon original thinkers, and especially those 
wh Ose labors comp rise the ma enificent ane ininutest Cx ‘mplificati ns 
of applied science, a work caleul: iter il to save them from loss of time, 
and cael use less expe nditure of th yacht ani labor, inust be of perma- 
nent and universal interest. But : as “intimated in i previous notice, it 
value would not be confined to them. The reform it would work out 
in the Patent Office should not be overlooked, 1 » abrid cing its labors 
putting an endina great measure to inadmissi ble claims, to disapp ; 


. 


ments and angr y fer ‘lings atte mdi ng re ie cle “dl ap plicat ions, to pp als 
members of Con: Cress in behal if of thei "constituents, to ce nt ment fi : 
of agents, and to other improper ae nees and interferences. Added 
to which it would raise the value of CVE ry les Pitan: ie ¢ LEN, din intsh 
the number of lawsuits, and give to the « Hlice : an honorable reputation 
as an Institution of Science. Its reports would cease to rec od nivho- 


polies 3 for ancient contrivance 3 and modert abortion is, 
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omy running of anything like a parallel be twee! t the laws or prinei- 
cip! les of ethics and p shysic smay be unusual, but is not improper, since 
they are intimately and ins ‘pars ab ly allie “l. OF inanations of the divine 
mind, ¢] ley are equally divine. The same in their origin, essence, and 
purpose, it is they that impress the Deity on en material and the im- 
water! ial: hence the visible creation is an exhaustiess e xposition of the 
pe Inc] iples on which th fe arts must for ever rest: and nothin Ra is more 
certain, whatever may be the case with transmundane inte ligences, 
than that our species can only advance in civilization and happiness, as 
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jt advances in the knowledge and application of them. With us, moral 
truths begin with, and keep pace with, the physical. Asa savage, man 
has no morals ; they are incomprehensible to him. ‘ Even the Arab 
robs the traveler with as little compunetion as a bald eagle wrongs a 
fish-hawk, while the Fejiian eats a missionary as unconscious of guilt 
usa tiger feasting on an antelope, or a lion making a meal of a Bojes- 
man.” Material are moral forces. The hut and the hearth, the spin- 
die and Joom; the plough, forge and lathe; steamships, railroads, and 
printing presses, are products of mental and contributions to moral 
power. LU mention these things because, to my mind, they are pro- 
phetie of the exaltation and influence of mechanical science to a degree 
that has } robably not yet been susped ted: and that the higher it rises 
the closer will be found its afimity with moral science. This must be 
so, since Truth in its infinitely varied forms and relations, like its Author, 
is ONE. 

The Te are, and perhaps always will be, those who suy pose the climax 


of mundane felicity was reached long ago. Panegyrists of former times, 
they think the world grows worse as it grows older. Looking back to 
a legendary age of gold, one of imaginary innocence and happiness, 


they mourn that it has passed away. An ¢ ppe site and healthier ecn- 


timent now prevails, viz: that the elements of civilization were never 
so numerous and so efficiently active: that srreat as has been the nic d- 
ern increase and diffusion of knowledge, and wonderful the achicve- 
ments in science and the arts, all are but preliminary to others st:ll 
greater. ‘This is a corollary of the prime doctrine of progress ; that no- 
thin 4 in creation 1 mains stationary or 18 desiened to retrograde. V hile 
we realize all that we are prepared for, we transmit it with an increased 
volume and impetus to our successers, whose mission it will be to for- 
ward it, in lke manner, to theirs: eve ry age being a debtor to t] e 
preceding one, and a creditor to that which follows it. Is it aske d, 
how long can this continne—Can additions to human knowledge be 
perpetual 7 Yes: at all events, as long asthe forms, motions, and pro- 
perties of matter here are not worn out. But may not the intelleet be- 
come unequal to the snecessive development of new principles and 
management of new forces? No: It is indisputable that the mere it is 
expanded, the more readily it apprehends and Jays hold of new traths ; 
and itis ina high degree probable that these become more lucid and 
simple as they become more comprehensive and sublime. hk. 


New York, February 20, 1864. 


On the Influence of Megass on Animal Decomposition. By Henry G. 
F Darton, M.D., Georgetown, Demerara. 
From the Journ. Soc. of Arts, No. 580, 

I have noticed some particulars attending animal decomposition 
when subjected to the influence of megass, or the dried stem of the 
sugar cane after the saccharine juice has been crushed out by machine- 
ry. But before entering upon the cireumstances which first led me to 
consider this subject, it may be as well to state that the sugar cane, 
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which is sufficiently known to render any description of it quite unne. 
cessary, after having been crushed by massive iron rollers worked by 
steam power, is stacked under large sheds open at the sides, but pro- 
tected by slated or wooden roofs, where it is kept until sufficiently 
dried to be used as fuel for the boilers. When first stacked, it is known 
as green megass, being then in a more or less fresh state, and emits 
a powerful sweetish odor, and is evidently the resort of millions of 
small gnats and other minute insects, for towards morning and even- 
ing the Megass logies, as they are called, are surrounded by swarms 
of swallows and other birds which evidently come here to obtain a 
bountiful repast. 

Sut in this raw or green state there exists another striking and pe- 
culiar condition ; there is an enormous amount of heat developed, 
causing the hands if thrust in to be quickly withdrawn, and a certain 
amount of steam or vapor is noticed. Both in this state and when more 
completely dessicated, megass is very combustible, and fires, sponta. 
neous or accidental, frequel ntly occur in these logies. It has often oc- 
curred to me to think that certain gases are generated during thiese 
changes, which probably tend to explain some of the peculiar facts 
about to be noticed. 

On the 3lst January, 1863, I was summened to attend a coroner's 
inquest, and examine a dead body found in one of the megass logies 
on an estate on the west bank of the river Demerara. On approach- 
ing the spot where the corpse was stated to be, there was no feeti( 
odor as usual to indicate its presence, and on climbing up the dried 
megass, I saw the corpse of a human being partially embedded in me- 
gass, but without odor, and in a completely mummified condition. 
There was a fold of cloth twisted round the neck, and this joined an- 
other fold attached to a beam close by, leading one to suppose that 
death had occurred from strangulation. The body was completely des- 
sicated, shrivelled and brittle, so much so that on tryiug to draw thi 
corpse towards me by means of a pick for the purpose of examination, 
] was surprised to find the head separate completely from the trunk. 
On more closely examining the body the following facts were noticed: 

There was not the usu: my odor of a body long since lifeless, and ex- 
posed to the action of the air in a tropical climate. 

The muscles, soft parts, and internal organs were shrivelled, dry, 
and parchment-like in character. 

The sex (male) barely distinguishable; the lower limbs were bent at 
an obtuse angle, and the skin and muscles clung round the bones like 
paper stretched over boards; the skull and face were denuded of al! 
muscular and ligamentous traces, so that the disarticulation of the 
lower maxilla and cervical vertebrae was complete. 

By the shaven crown and tuft of long hair, I recognised the body 
to be Chinese, and the only identity as to name, &e., arose from the 
peculiarities of the teeth, and from the absence of certain of them, 
which enabled some of the other Chinese immigrants to conclude that 
the deceased was one of their countrymen, who had been missing from 
the estates for several weeks. 
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This body, then, had been lying loosely covered with megass in the 
place where it was found for probably several weeks, during which 
time, although laborers were constantly in the neighborhood, it h:d 
attracted no notice by any noxious effluvia, nor was it even spied ovt 
or scented by the carrion vultures (Cathartes Jota), who seldom fa | 
to detect dead careases of any description, however obscured in the 
nud or the tangled bush of this colony. 

Struck with so singular an appearance and condition, and with the 
remarkable absence of noxious smell, it seemed to me to be the 
result of some influence exercised by the megass on which the body 
had fallen or been thrown, and with a view to elucidate this, I insti- 
tuted the following experiments : 

Ist. On the Ist April, 1863, I buried a dead goat loosely in me- 
giss, and visited the spot on the 3d, but could only “detect a faint odor 
of decomposition, quite unlike the intolerable stench which is so com- 
mon here in dead bodies exposed to the sun and air. On repeating my 
visits a few days afterwards, I found that the dead goat had disappear- 
ed, and on inquiry, found it had been stolen by some Chinese, who had 
speedily devoured it, so that it could not have been very offensive, for 
although our celestial immigrants are incorrigible thieves, and not very 
particular as to the quality and condition of their food, they would 
hardly have appropriated this first subject of my experiment had it 
not been more or less preserved by the agency y of megass. 

On the 27th of the same month I buried another dead goat in a si- 
tilar manner, but somewhat more securely out of reach of the Chi- 
nese, and disinterred it about 30 days after, or on the 27th May. 
During that time I had repeatedly visited the neighborhood, ac- 
¢ mn panied by others, and not one of ns could detect the slightest of- 
ensive odor. On examining the body, which by-the-bye was com- 

tely disintegrated, there was no other trace of noxious ‘efflavia than 
is peculiar to the dried skin of an animal. The head was denuded of 
all _ ular and ligamentous attachments. The orbits were empty, 
he bones forming it perfectly clean, likewise the nasal structure, 
we ul; eae uw-bones, Several disarticulated vertebrie were found loose 
ind totally void of museles and ligaments, likewise the ribs and other 
parts of the body, as far as they conld be gathered ; the outer casing 
vf one horn was completely detached from its osseous support, and the 
st of the carcase was in a fragmentary state, dry and scentless. 
There were no ants or other inseets visible to account for this com- 
plete disintegration, but possibly whilst the noxious odor of decompo- 
ition was neutralized by the heat or gases developed by the megass, 
the werk of destruction of the soft parts might have been carried on 
during the month of interment by ants and other insects, although no 
trace of them was visible at the time of my inspection. 

Of the many practical advantages to which the discovery of the 
disinfeeting properties of megass, if confirmed by further experience, 
might apply. { do not think [need offer any remarks at present, or 
until the subject has been more fully examined. I may mention, how- 
ever, that an occasion lately presented itself by which L was enabled 
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to test its value, and to prove its efficacy as a very useful agent in a 
sanitary point of view. 

Shortly: after my experiments on the properties of the megass, I was 
much concerned at the outbreak of a number of cases of sloughing ul- 
cers on the feet and legs of the East Indian immigrants (Coolies and 
Chinese), in one of the Estates’ Hospitals under my medical charge, 
and my anxiety was still further increased on the appearance of hos- 
pital gangrene among some of the worst cases. Not only in the wards 
where the unfortunate patients slept, but throu; ghout the whole hos- 
pital, the effluvium was most offensive and disagreeable. After making 
use of several medical disinfectants in vain, I determined to make a 
trial of the megass. 

1 desired several large baskets to be filled with it, and placed them 
in the corners of the wards by the doorways, and in the gallery to 
windward of the rooms, and on my next visit was agreeably surprised 
to find the obnoxious odors greatly lessened. I continued its use, 
and in a short time (two or three days) the change for the better 
was very remarkable. Except in the immediate neighborhood of the 
worst cases, there was no unpleasant odor, and even then the disagree- 
able smell was greatly modified. 

U nfortunately there was no corresponding improvement in the cha- 
racter of the sores decidedly attacked by gangrene, but the general 
improvement in the hospital was manifest, for not only was the un- 
healthy effluvium neutralized by the megass vapor, but the peculiar, 
pleasant, and sweet flavor of the cane, was disseminated through the 
whole hospital, rendering its atmosphere fresh and agreeable, so much 
80, that in spite of the disappearance of the gangrene, and the exist- 
ence merely of ulcers of an ordinary kind, its use and benefit are stil! 
appreciated by the nurses and patients, who are assiduous in constantly 
keeping up a fresh supply. 

In submitting these few remarks on a subject altogether new, | 
think I may venture to state that in green megass we possess an agent 
competent materially, if not entirely, to neutralize noxious gases, “and 
thus by arresting or destroying the offensive odors of animal decow- 
position, and the foul air of hospitals, to prove of eminent service and 
benefit in a tropical country, where these unpleasant and injurious 
conditions are too apt to prevail. 


On the part that Titanium plays in Pig Iron and in Steel. 
From the London Practical Mechanic's Journal, December, 1863, 

A valuable paper was read at the Newcastle meeting of the British 
Association by Mr. Edward Riley, F.C.S., ** On the occurrence of Ti- 
tanium in Pig Iron, and on the use of Titaniferous Minerals in the 
inanufacture of Iron and Steel.” The coppery red cubic crystals ex- 
amined long ago by Wollaston, and procured from the hearths of the 
South Wales Blast furnaces, were considered by him as metallic Tita- 
nium, and passed as such for years. 

Wohler subsequently proved that they were a mixture of azoturet 
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and cyanide of titanium, and contained 18 per cent. of nitrogen and 
4 per cent. of carbon. 

It is quite clear, however, that the history of this body is not yet 
complete, for we had long since ourselves remarked what Mr. Riley 
mentions, that in a mass of these crystals, as taken from the hearth, 
some are attacked by nitric acid and converted into titanic acid, while 
others are perfectly insoluble in that menstruum. 

Mr. R. Mushet, under whose hand metallurgie patents grow month 
by month like mushrooms, has taken abundant care to advertise the 
world of the existence and value of his * Titanium Steel,’’ and other 
similar metallurgie marvels. The proverbial ** Dowsterswivel"’ repu- 
tation that mercantile metallurgy of the thaumaturgic and recondite 
sort has but too justly acquired, clung with many pretty well-informed 
persons to the whole titanic brood—when they called to mind that no 
one had been able chemically to detect any titanium in even Mr. Mu- 
shet’s own titanium steel; that Mr. Riley in confirmation of this says, 
he was never able to find it in more than uncertain traces, and that 
Dr. Perey, and St. Claire De Ville, who had paid special attention to 
the subject, denied that iron was capable of alloy with titanium at all. 

The matter has been tested latterly upon a tolerably large scale as 
regards crude pig iron at Middlesboro’, where importation was made 
of some cargoes of Norwegian rutile, or natural titanic acid, and a 
very remarkable massive black titanate of iron; and those were em- 
ployed along with the Cleveland ores. The following is the composi- 


tion of the Norway ore in two samples by Mr. Betley’s analyses :— 


Magnetic Oxide Lron, 


Titanic Acid, : DSS 4-8) 
Silica, ; ‘ : 13-32 1-58 
Magnesia, ‘ ‘ 207 } 2-13 
Lime, ; , 0-78 0-66 

. Derest han *y . _ , 
lron Pyrites (Fe Sy), i : Luo 0-00 
100-24 98+99 


Yield of Metallic Tron, , : Sea | OW. 


Neither contained phosphorus, 


és Kutile can be imported into Middlesboro’ at £10 per ton, and these 
)  titanates at about thirty shillings per ton. ‘ 
: From Iceland, Sicily, the North-West of Neapolitan Italy, and other # 
volcanic regions, if it were of any use, titanate of iron could be had s: 
for the mere cost of collection and freight home. 
Iron made with red hematite and a mixture of bog iron ore from an 
Ireland, with 7} per cent. of these Norwegian minerals, did in some ; 
instances yield to Mr. Riley on analysis as much as 3-51 per cent. of it 


titanic acid, but they contained none unless the Irish bog ore had 
formed part of the mixture. 
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More recently trials have been made with mixtures of Cornish ores, 
Irish bog ore, and red hematite, and the pig was found to cont 
some titanium. 


The Cornish ores Mr. Betley found, were— 
No. 1 


Siliea, ‘ : L558 
Peroxide Tron, Se 
Peroxide Manganese, , 2507 


with a little phosphoric acid. 


From these the iron obtained had the following composition :—T)y 
bog ore employed contained 7 to { per cent. of manganese :— 


i¢ Tron. fe.. 1. No. 2. No 


Bolo POLS 
oie Lote ousy4 
OH Foot) ; : 
Sotho Sie SNO) 4-256 
ROU Oweo7e SUT 
land Cobalt, ; Og) 0-110 ales 
rr with Antimony, : ene 0045 0-064 
sp shores, ars OAT 4 0-201 
spb O02 0-026 
tal m ; 4 oyu 1-150 
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LOWS {| 101-3145 100 268 

We have here, therefore, something above 1} per cent. of titanium, 
but the manganese is present in form nearly 6 to above 8 per cent. also. 

Mr. Riley remains in doubt whether the titanium, even here, 1s 
alloyed or only minutely diffused, in an amorphous state, through th 
Pig Iron. 

The repetition of analyses of M. Mushet’s steel, failed in his hands 
to give any evidence of ‘the presence of titanium. He remarks that 
the use of titanic ores involves that of a considerable addition of an 
easily fusib Te silicate, as a flux in the blast furnace, for otherwise th: 
re ede tion is difficult, and the cinder tough and ropy, and hard to sepa- 

‘from the metal. Mr. Riley is prepared to admit, however, that the 
aie of titanium in iron ores does not appear to impart a steely 
nature to the iron made ; and, in conclusion, so far, on a subject which 
he considers still demanding further research, he expresses his opinion 
that probably the part of titanium in iron is limited to its acting as 
a carrier of cyanogen to the iron with which it is mixed or combined, 
in the process of its conversion into steel, which seems to be supporte: 
by the ascertained affinity of titanium for nitrogen and carbon. To 
us it appears extremely doubtful still, that it exercises any influence 
whatever, for good or for ill, and that the large per centage of man- 
ganese present almost wherever titanium has been detected, has play- 
ed the really important part in facilitating or improving the produc- 
tion of the steel. 

The power of manganese in this respect is ascertained, although 
no doubt, as yet, much remains to be learnt as to its mode of action, 
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and which will probably only be cleared up when the action of nitro- 
gen in the production of steel shall have been better studied and un- 
derstood. 

In concluding this resumé of Mr. Riley’s interesting researches, we 
may remark that there are in the South of Ireland enormous deposits 
(not bog ores) of poor ores of manganese, that may be viewed as very 
pure and highly manganesiferous iron ores. 

These we should deem far more worthy of metallurgic trials upon 
the great scale, for the production of British pig of the spiegeleisen 
class, fitted for the Bessemer and other processes of stcel-making, 
than probably any other in Great Britain. —Epb. 


Ona Curious Instance of Electrolytic Action. By F. A. Annt, F.R.S. 
From the Journal of the Chemical Society, July, 18 

The inspection of a number of the lead-coated projectiles employed 
with the Armstrong guns, has recently brought to light some curious 
and quite unexpected instances of the establishment of voltaic action 
within the coatings of certain of these projectiles, and in positions where 
the existence of an exciting cause was not at all anticipated. 

It has been customary to attach the coating of soft-metal (which is 
an alloy of lead with a small proportion of tin or antimony) to the body 
of the cast iron projectiles, by two different methods. The one con- 
sists in providing the iron surfaces with a number of grooves formed 
at somewhat acute angles with the surface; the soft metal with which 
these become filled when it is cast over the shot or shell, serves to at- 
tach the coating firmly to the body. The other method consists in 
first alloying and coating the surface of iron with zine (by the so-called 
galvanizing process), and then immediately covering it with the soft 
metal. The covering of zine fixed, in this instance, upon the iron, be- 
comes the medium by which the coating of lead-alloy is attached to 
the body of the projectile. Ly the latter method, therefore, « perfect 
juncture is accomplished between the two parts, while, by that first- 
named, they may be said to be fitted together accurately, or riveted 
tovether. 

The different manner in which the iron and the lead- my! are af- 
fected by considerable changes of temperature has led, in a few 
instances, of a very special character, to a distortion of ge potent 
which have been attached by the mechanical method (7. e., by means 
of grooves) in consequence of their partial .separation ive the body 
of the projectiles. The alterations in form presented by some shells 
of this class, which have been exposed for a time to the effects of con- 
silerable changes of temperature, differ, however, altogether from 
those exhibited by a small proportion, among a number inspected, of 
shells, the lead-coatings of which were attached by means of zinc. On 
various parts of these shells, the soft metal was found to have become 
raised in the form of blisters, varying in size from }-inch to 1l-inch in 
diameter. A large (110-pr.) shell, which had been preserved officially, 
as a standard pattern, since November, 1861 (having been kept in a 
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glass case), exhibited, upon its coated surface, in addition to numer- 
ous smaller blisters, one measuring 1°1 inch in diameter, and pro- 
jecting }-inch heyond the surface of the shell. These projections, or 
blisters, were not confined to any particular position upon the different 
hells: neither had those projectiles, whieh exhibited them, been ex 
posed to any considerable changes of temperature, 

The only inf renee dk dueit le from the ippearance of these proj c 
was, that the blisters had been produced in consequence of the 
tion of ras at those parts of the shells between the iron 
the coating of soft metal, which gas had gradually accumu: 
an extent as to be placed under very considerable pressu 
SCY ME ntly, to exert, eventu: lly, an amount of fore hh 
to tear asunder the two surfaces of metal which had 
means of the zine, and ‘aise up and expand the compar 
tic alloy of lead. ‘his 1 “~ fully born out by the 
results of ¢Xaimination of tl rs. 

When these were punetured, under water, a quantity of gas, exi 9 
evidently under considerable pressure, made it ‘ape. ‘The gas was 


1 
+ 


ted from blisters upon different shells, and was found 


to consist of pure hydrogen. 
reve . . 7 . 
Lhe entire \ » 4 vas, enclosed lh tiie large blister sp cially | 


ferred to above, was carefully collected, and Its Volume was determin 


ic capacity of tie Dlister Was aft ‘rwards tmheasu edd, and the results 
° } 
1} 


shed by these determinations showed that the hydrogen existed 


period of examination, under a pressure very slightly exceed- 
nn atmosplieres, 

" . : . } } } } . ° 

by carefully cutting through the t urrounding the blisters, s 


aoe | ere al ; [ 
veral, which had been otherwise operated upon. were removed from thy 


shells, the internal surfaces remaining untouched, a close insp: 


these surfaces, they were all | 
“the blisters as well as 
liately beneath them. Th ‘\ 
small dark patche s or spots, indicative of corrosto 
‘cand there. Those of the b] ers and of the iren 
like coated with zinc, and their peculiar appearance, just rr 

ferred to, was to be ascribed to the existence upon them of numerous 
small projections, such as are observed upon the surfaces Jaid bar 
when a piece of metal is fractured by a tensile strain. 

It is evident, from the foregoing details, that the projections, 
blisters, which have been deseribed, had been produced by the gradual 
disengagement of hydregen between the body of the projectile and th« 
coating of lead-alloy, whereby the two descriptions of metal, joined 
together thoroughly in the first instance (except probably at a few 
minute points) through the medium of zine, had been torn asunder 
and the thin intermediate zine coating itself divided, the gas gradually 
creating further space for itself by expanding the envelope of soft 
metal which confined it. 


That these results must have been due to the electrolytic decomposi- 


tion of some hydrogen-compound, which had become enclosed between 
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1 Curious Instance of Electrolytic Action. 


the metals, is self-evident: an examination into the process of manu- 
factures of these projectiles, aided by a few sup le anpenenente lata, 
appears to leave no doubt re garding the primary cause of this dis- 
engagement of gas. 

The operations included in the system of coating the iron projec- 
tiles by the aid of the so-called galvanizing process, are as follow:— 
‘The cast-iron projectile, after having been turned, so as to present a 
perfeetly clean metallic surface, is heated in an oven until its tempe- 
rature approaches the fusing point of zine; it is then plunged into a 
solution of sal-ammoniac, almost immediately withdrawn, and immersed 
na bath of melted zine, where it remains for about two minutes, when 

is transferred toa bath of the le ad-alloy with wl 1 itis to be coate 

After remaining in this bath also for a seated if two minutes, 
is withdrawn and placed ina mould. The projectile thus treated 

s become uniformly covered with a thin coating of soft metal, the 
thickness of which is afterwards increased, by pouring a further quan- 
ty of the alloy round the coated projectile, direetly it has been Jite l 
in he mould. 

When the heated projectile is passed from the chloride of ammonin 
solution to the bath of zine, portions of the salt remain adherin 
he iron, upon its immersion in the zine, and there is no doubt that 
swall proportion of water may also, occasionally, be carried tlong , Wi 
it, SO us to be brought tove ther with it into contact with the melt 
metal, A small proportion of chloride of zine is always formed at 


tis stage of the process, “ decomposition of the chloride of amimo- 


uum, in conse qu nee of e | igh tem pe rature at which particle SOT 
lt are brought into contact with the zine, and with oxide of 
portions of which m: y: ‘cident lly attach them selves, at 
ment of immersion, to any slight Inequalities on the su eg: of 
The remarkable ten ‘y of chloride of zine to absorb and re- 
water, even at very high temperatures (the latter abt onl 
eradually expelled from it. even at th e temperature of me lted zine if 
uders it easily conecivable that, at the time of prov luction of the zine- 
; present, besides that which results from 


> . } i” 
decomposition of the ammonian salt h yy oxide of zine, will at once 


be absorbed ny it; there is no doubt, therefore, that any partick 'S . 


ape of zine accidentally ¢ pacino by zine-coating forme lup 
on surface, will still retain some water at the expiration of he 
viet period during which they continue « ape sed to the high tempera- 


ture of the zine-bath. Aft rwards, when the coating of zine becomes, 
its turn, speedily enveloped in th: t the lead-alloy, the tempera- 


ture of the projectile liminishing up to the termination of 


‘ 


the process, the ese ag or sition, of the water through the 
agency of heat, is speedly arreste 

Thus itis that portio ns of water become accid y enclosed between 
the iron body and the zine-« oating of compound projectiles prepared 
by this system; and it is this enclosed water which afterwards suffers 


gradual decom; position through electrolytic agency ; the accumulation 
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of the liberated hydrogen giving rise, eventually, to the projections or 
blisters in the coating “of soft met tal. 

The surfaces laid bare by carefully cutting open many of these blis. 
ters, invariably furnished proof that chlor ide of zine had been enclose d 
at those places, and that a basic chloride had been formed. Water 
removed from them a mere trace of chlorine, but, by a brief treat- 
ment with dilute acetic acid, abundant evidence was obtained of the 
existence of a chloride within the blisters. 

It should be observed that these accidental distortions of the lead- 
coating on Armstrong projectiles which have been prepared by means 
of the ‘galvanizing process, appear not to be of frequent occurrence, 
and that the 'y do not interfere with the efliciency of such projectiles, 
because, even in the most striking instances , they constitute only a 
very small proportion of the coating of soft metal, — is in all 
other parts insepari ably joined to the i iron; and also, because the 
coating may, in places where it has been raised in blisters, be restored 
to its original dimensions by simple mechanical means. 


Translated for the Journal of the Franklin Institute. 
Relative Effect of different Points upon Lightning-Rods. 
[Note addressed by M. Perrot, to the Academy of Sciences at Paris. ] 

By means of an electric machine, I charged a large metallic plate 1 
presenting a cloud, until a very sensitive electrometer marked 10°, | 
then gradually approached to the plate, first a rod rounded at its extrem- 
ity, such as M. Despretz has proposed as the terminal of a lightning 
rod; afterwards an ordinary lightning-rod point, and finally a very 
sharp point. These experiments gave me as a mean, the following re- 
sults : 

1. The round-pointed rod remained without neutralizing effect until 
it was struck, at a distance which I shall assume as the units. 

2. The neutralizing action of the common point did not begin until 
the distance was less than 12 units. 

3. At the distance of 12 units, at which the common peint had no 
neutralizing action, the sharp point discharged the plate instantane- 
ously. 

4, The neutralizing action of the sharp point began to show itself 
when the distance was less than 170 units. 

The neutralizing action of the fine point, therefore, extended nearly 
170 times further than the striking distance, or 13 times further than 
the action of the common point.—Comptes Rendus. 


Translated for the Journal of the Franklin Institute. 
On the Preservation of Animal Matters in the open air. 
By M. PaGuiart. 
I have the honor to communicate to the Academy (of Sciences a! 
Paris), a new and very simple mode of preserving animal matter. The 
liquor which I employ for this purpose, is composed of alum, benzoin 
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and water, and differs but little from my hemostatic water. A single 
coat of this preserving liquid applied upon the substance which is then 
exposed to the open air, is sufficient to prevent its decay. 

Comptes Rendus. 


Experiments on Steel Steam Boilers. 
From the Lond. Practical Mechanic’s Journal, April, 1564. 

Some interesting experiments have recently been made in Prussia 
with steel steam boilers.—A steel steam boiler of the egg-ended shape, 4 
ft. in diameter and 30 ft. in length, without flues, was tried. It hada 
steam drum 2 ft. in diameter and 2 ft. in height, and the plates were one- 
fourth of an inch in thickness. Beside it there was placed another boiler 
similar in every respect, excepting that the plates were of iron 0-414 
of an inch in thickness. The steel boiler was tested by hydraulic 
pressure up to 195 pounds on the inch without showing leakage, and 
both the iron and steel boilers were worked under a pressure of 65 
pounds on the inch for about one year and a half. During this period, 
the steel boiler generated 25 per cent. more steam than the iron one, 
and when they were thoroughly examined after eighteen months prac- 
tical working, there was less scale in the steel than in the iron boiler. 
The former evaporates 11°66 cubic feet of water per hour; the iron 
boiler 9°37 cubie feet. The quantity of coal consumed was on an aver- 
age 2706 pounds for the steel one in twelve hours, and 2972 pounds 
for the iron boiler. The plates of the steel boiler over the fire were 
found to be uninjured, while those of the iron one were about worn 
out. In Prussia several worn-out plates of iron boilers have lately been 
replaced with steel, which, it is stated, lasts four times as long. As 
steel is twice as storng as iron, thiner plates of the former may be em- 
ployed for boilers, and more perfect riveting can be secured. A greater 
quantity of steam can also be generated in the steel boiler on account 
of its thin plates, and thus much fuel may be economized. Such steam 
boilers should engage the attention of all who make and use steam 
boilers for engineering and manufacturing purposes. 


Proceedings of the Association for the Prevention of Steam Boiler Explo- 
sions, Manchester. 
From the Journal of the Society of Arts, No. 558. 
[Report of the Chief Engineer for May, 1863.] 

During the past month there have been examined 257 engines—1 
specially ; 420 boilers—10 specially, 11 internally, 77 thoroughly, and 
22 externally ; in addition to which, 1 of these boilers has been tested 
by hydraulie pressure. The following defects have been found in the 
boilers examined :—Fracture, 8 (3 dangerous); corrosion, 22; safety- 
valves out of order, 1; water-gauges, ditto, 11; pressure gauges, ditto, 
6; feed apparatus, ditto, 2; blow-out apparatus, ditto, 3; fusible plugs, 
ditto, 1; furnaces out of shape, 2 (1 dangerous); over-pressure, 2; 
(both dangerous); blistered plates 2. (1 dangerous); total, 60 (7 dan- 

Vou. XLVIL—Tuiro Serizs.—No. 4.—Aprit, 1864. 23 


i ae SS 


266 Mechanics, Physics, and Chemistry. 


gerous). Boilers without glass water-ganges, 2; without pressure. 
gauges, 5; without blow-out apparatus, 17; without back pressure- 
valves, 34. 

The occurrence of explosions during the past few months has been 
so frequent, that the reports of their details have prevented any no- 
tice of the defects found to exist in the boilers under inspection, fur- 
ther than that given in the monthly list as above; and, therefore, the 
present opportunity may be taken for some slight amplification. 

Serious cases of corrosion continue to be met with at the bottom of 
those boilers which are set upon brick mid-feathers, running under- 
neath them from one end to the other along the centre or keel line. 
In this mode of setting, any water which may fall upon the boiler, or 
leak from the seams, trickles down the shell, and settles on the top of 
the mid-feather, in contact with the plates. Also where damp exists 
in the flues, it easily rises through the mid-feather and reaches the 
boiler. Corrosion may be going on along the centre of the mid-feathe: 
and not be visible at the sides, and thus pass undeteeted even on ecare- 
ful examination—several instances of which have recently been met 
with. 

In one case, a boiler 10 feet 5 inches in diameter, and of plates se- 
ven-sixteenths thick, was found, upon the removal of the brick-work, 
to be deeply channelled for a width of six inehes along the bottom at 
the centre of the seating, no indication of which was given at the sides 
of the wall, nor was it detected by hammering internally, but remained 
unknown until the removal of the brick-work. In another boiler, th 
shell of which was 8 feet 2 inches in diameter, and three-eights in 
thickness, the plates were found to be channelled longitudinally along 
the centre of the mid-feather for a width of eight inches. The seating 
was fifteen inches wide, and the channel died out at three inches from 
the outside, thus giving no external sign. In a third boiler, the flues 
of which were damp, the whole of the plates in contact with the mid- 
feather were found to be corroded, and as much as a quarter of an 
inch in thickness eaten away. Other instances might be adduced, but 
the character of the injury is so similar in each case that it would be 
tedious. Those already given will show the grounds upon which the 
following recommendations are made: 

First. Wherever it is practicable to do so, dispense with mid-feath- 
ers altogether, and substitute what are termed two side walls for them. 
Second. In those cases where the small size of the boiler forbids this, 
make the bearing surface of the mid-feather wall as narrow as possi 
ble. Third. Any that must be retained in use, should, in preparation 
for annual “thorough” inspection, be removed—at least where in con- 
tact with the transverse seams of rivets~—in order to admit of com- 
plete examination. 

Further cases of corrosion may be mentioned occurring to other 
boilers than those set upon mid-feathers. 

A tubular boiler, without any external flues, was found so deeply 
channelled at the bottom of the shell at the transverse seams of rivets, 
that the plates were reduced to the thickness of a sheet of paper, and 
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a hole knocked through them in sounding their strength with a ham- 
wer. A second boiler, of ordinary double furnace, internally-fired con- 
struction, Was so eaten away by corrosion at the first bottom plate 
from the front, that, as in the preceding case, a hole was made on ex- 
amination, the corrosion being due to leakage from the giass water- 
gauges and mudhole joint, as well as to the practice of slacking the 
ashes while lying at the front of the boiler. In another case, where 
the cross wall below the front end of the boiler was as much as two 
fect in thickness, the plates were corroded nearly through. So great 
a thickness as two feet for these walls is quite unnecessary, as well as 
objectionable, and it is recommended that they should be removed pe- 
riodically for the examination of the plates. 

Several cases have been met with during the past month of injary 
occurring te externally-fired boilers at the parts immediately over the 
furnace, ‘the plates baiging, cracking at the rivet holes, and the seams 
straining aud leaking. One of our members has contributed a sample 
plate cut from a boiler of this class, which is bulged down at the solid, 
and cracked completely through, although the boiler was amply sup- 
plied with water; this plate is a fair sample of the danger of the ex- 
ternally-fired class. 

A safety-valve, the spindle of which passed through a bushed hole 
in the cover, was found to fit so tight as to be quite “fast. This bush 
had been fitted to prevent the inconvenience arising from the escape 
of steam, under the impression that a safety-valve was unnecessary, as 
long as the boiler was provided with a steam pressure-gauge. 

A report relative to explosion, No. 9, recorded in the last month’s 
abstract, has since been received from an engineer who examined the 
boiler shortly after the explosion had occurred, and from which it ap- 
pears that the boiler, which was of plain eylindr ical egg-ended con- 
oats and externally fired, had rent—as is so constantly found to 
be the case in this class—at the transverse seams over the fire, the 
shell dividing inte two parts, which were thrown some distance asun- 
der, 

One boiler only, and which was not under the inspection of this as- 
sociation, has been reported to have exploded during the last month ; 
the explosion occurring at too great a distance from Manchester to 
amit of a personal investigation. Should any particulars of interest 
be ascertained, they will be communicated in the next monthly report. 
The explosion will rank as No. 10 in this year’s report. 

{ Report for June, 1863.) 
From the Journal of the Society of Arts, No. 562. 

During the past month there have been examined 340 engines—2 
specially ; ; 28 boilers—10 speci ally, 12 internally, 104 thoroughly, and 
402 externally, in which the following defects have been found :— 
Fracture, 8 (2 dangerous) ; corrosion, 34 (3 dangerous) ; safety-valves 
out of order, 9; water-gauges ditto, 21; pressure- gauges, ditto, 9; 
feed apparatus, ditto, 2; blow-out apparatus, ditto, 35; fusible plugs, 
ditto, 13; furnaces out of shape, 4 (2 dangerous); over pressure, 2 
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(both dangerous); blistered plates, 3; total, 140 (9 dangerous). Boil- 
ers without glass water-gauges, 8; without pressure-gauges, 2; with- 
out blow-out apparatus, 13; without back pressure-valves, 59. 

Explosions.—No. 10 Explosion :—The fact of this explosion having 
occurred, was stated in last month’s report, but no detailed particulars 
had then been received. It has since been ascertained that the boiler 
was a plain cylindrical egg-ended one, externally-fired, and that the 
explosion was caused by rents commencing at the seams over the fur- 
nace, which has so frequently been found to be the case in this class of 
boiler, and called attention to in these reports. Two other explosions 
of a very similar character have happened during this month, parti. 
culars of which are given. 

Nine explosions have occurred during the last month, by which ele- 
ven persons have been killed, and twenty-one others injured. One of 
these explosions, which resulted from collapse of the flue, and by which 
no injury was done either to persons or surrounding property, occurred 
to a boiler under the inspection of this Association; while in the re- 
maining cases not one of the boilers was under its care. Details will 
be found below. 

The following is the monthly tabular statement :— 


TABULAR STATEMENT OF ExXpLosions FROM MAY 23, 1863, To JUNE‘ 
INCLUSIVE, 


Index No.; Date. General Description of Boiler. 


Locomotive, ° ° ° 
“ 30. Cylindrical egg-ended external] y-fired, 
June 2. Upright furnace internally-tired, 
: Details not yet ascertained, . ‘ 
Ordinary single flue, or “Cornish” in 
ternally-tired, ‘ ‘ . 
Cylindrical egg-ended externally fired, 
Details not yet ascertained, ; > 
Marine, : 
Details not vet ascertained, 


Total . ‘ ‘ ° ° pe 


No. 11 Explosion occurred to a boiler of a locomotive engine while 
running with a passenger train. Between fifty and sixty persons were 
injured and four killed. This result was not occasioned, however, by 
the explosion only, but principally by the train running off the line. 
Whether the engine leaving the rails was the cause or the effect of the 
explosion, is an investigating question, and one now undergoing strict 
investigation. All the facts likely to prove of value to steam users 
generally, which may be elicited with regard to this explosion, will be 
given to the members of the Association at the earliest opportunity 
after the close of the inquiry. The only injuries directly attributable 
to the explosion, are those which happened to the engine-driver and 
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fireman, both of whom are severly scalded, the latter having died in 
consequence. 

No. 12 Explosion, from which five persons were killed and twelve 
others injured, took place at an iron-works. The boiler in question was 
not under the care of this Association, was personally examined shortly 
after the explosion happened, and found to be of cylindrical egg- 
ended construction, having an internal flue of horseshoe-shape, both 
the inlet and outlet of which passed through the further end of the 
boiler, the remainder of the flue being quite independent of the shell, 
and thus not forming any longitudinal tie from front to back. The 
boiler was externally-fired, the flame passing underneath the shell, and 
then entering the flue at one end of the horseshoe, and escaping to 
the chimney through the other. The length of the shell was twenty- 
eight feet, the diameter eight feet six inches, and the thickness of the plate 
seven-sixteenths, while the blowing off pressure was about 40 lbs. 

The boiler had rent completely into two parts at the fourth trans- 
verse seam from the front end, the larger portion of the shell flying 
forwards in a straight line from its seat, turning a summersault in its 
course, and landing in a position quite the reverse of its original one ; 
the egg-ended pointing to the brick-work seating, and the open one 
from it. The smaller portion had flown to a much greater distance 
than the other, and not, as is usually the case, ina “direction imme- 
diately opposite, but at right angles to it. A sister boiler working along- 
side, and cennected to the one in question, was moved laterally, suffi- 
ciently so to disturb the brick-work seating and break the steam-pipes, 
though not to unseat it altogether. 

With regard to the cause of the explosion :—The boiler was fifteen 

ars old, the plates over the furnace had already been repaired, and 
it Was stated that the seams at that part had been observed to be leak- 
ing only a quarter of an hour before the explosion took place: while, 
in addition, the shell was found to be patched in several places, and 
the plates eracked from the rivet holes to the edge. It is concluded, 
therefore, on consideration of all the circumstances, that the boiler 
could not have been in good condition, the correctness of which it is 
thought derives some corroboration from the fact, that the boiler along- 
side was found at the time of making this examination, to be also leak- 
ing at the seams over the furnace, and that considerably, although not 
under pressure. An examination of the fractures, as well as a consider- 
ation of the direetion in which the parts had flown, led to the conclu- 
sion that the rent had commenced at a longitudinal seam of rivets, 
extending for some two or three plates over the furnace. The rent 
ran along as far as this longitudinal seam extended, and when met by 
« plate crossing it, or * breaking-joint,” as it is termed, then dev eloped 
into a transverse rent, and completely severed the shell in two. It is 
thought that the fact of this longitudinal rent in the furnace-end of 
the shell being situated on one side of the centre, or “ kell-line,”’ ac- 

counts for that portion having been blown laterally, and that the up- 
ward direction which it had evidently taken, had caused the summer- 
sault of the remaining and larger portion. The explosion, therefore, is 
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attributed to the imperfect condition of the boiler, and although such 
defects would not be dangerous in a suitably-constructed double-flued, 
or * Lancashire”’ boiler, which is always internally-fired, they are 
generally found to be fatal in those boilers which are fired externally; 
while in the present case the effect was aggravated by the fact of the 
seams of rivets over the fire being in line, and the diameter of the 
shell being as much as eight feet six inches. 

No. 13 Explosion, by which no one was injured or the surrounding 
property damaged, occurred to a boiler under the inspection of this 
Association, the particulars of which are as follows :— 

The boiler was an upright furnace one, working in connexion with 
two others of similar construction to itself. It was heated by the flames 
passing off from a furnace employed in preparing heavy forgings, the 
flames passing through an internal tube in the centre of the boiler, 
which ran directly from the top to the bottom. The extreme height of 
this internal flue was twenty-six feet two inches, but it was not of one 
diameter throughout. In order to admit of a brick-work lining to guard 
the flue above water line, the upper part was made of a larger diameter 
than the remainder, and attached to it by a flanged plate, which form- 
ed a “ set-off,” or shelf, on which the brick-work rested; again, the 
lower portion of the tube had a bell-mouth at the bottom, to afford an 
easy entrance for the flame. The length of the upper part was 11 ft. 
4 in., and the diameter 3 ft. 3 in.; the length of the intermediate por- 
tion was 10 ft. 4 in., und the diameter 2 ft. 6 in., while the length of 
the bell-mouth was 4 ft. 6 in., and the diameter at the base 3 ft., the 
thickness of the plates being three-eighths of an inch throughout, and 
the blowing-off pressure 55 Ibs. 

The explosion, which did not in any way disturb the original position 
of the boiler, resulted from collapse of the internal flue tube, the col- 
lapse being confined to the intermediate portion just described, which 
it rent about the middle of its length. 

A tube of such small dimensions as those just given, namely, only 
10 ft. 6 in. in length, and 2 ft. 6 in. in diameter, made of plate three- 
eighths in thickness, if of good material and workmanship as this one 
was, would be amply sufficient for a pressure of 55 Ibs., if working 
under ordinary circumstances. This would suggest the conclusion that 
the water supply had been allowed to run short, but no positive indi- 
cations of the plates having been over-heated appeared upon examin- 
ation, though this may, however, have taken place on previous ocea- 
séons without its being known. On account of the height of these up- 
right furnace boilers, the glass gauges became inaccessible, and the 
one in question was fitted with two gauge-taps only, carried down by 
means of syphon pipes to within reach from the floor. Thus the water 
could sink below the proper level without affording any external indi- 
cation, and would consequently pass unknown, should the gauge-taps 

be neglected. This may have happened without any immediate collapse 
of the tube taking place, although the flue would be materially weak- 
ened by it, and rendered liable to give way some time after in conse- 
quence. It is impossible to say whether the flue tube was getting out 
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of shape or not, since the boiler had been in such constant work, that 
no opportunity was afforded the Association of making an * internal’’ 
and ** thorough’’ examination for upwards of three years, This may 
not, therefore, be an improper time for calling attention to the import- 
ance generally of having spare boilers, so that a suitable opportunity 
may be afforded for examination, as well as for cleaning and repair. 
he boiler was found to be heavily inerusted with hard seale, which 
must considerably have tended to the over-heating and weakening of 
the flue, to which these vertical boilers are always prone, from the 
tendency of the ascending steam to cling around the tube and prevent 
the contact of the water. The inaccessibility of the gauges and fittings 
of these vertical beilers, on account of their height, is another disad- 
vantage connected with them, and, indeed, a thoroughly good and 
sufe furnace boiler must still be considered as a desideratum. 

No. 16 Explosion happened at an iron-works, to an externally-fired 
boiler 40 ft. long, 8 ft. in diameter, made of plates seven-sixteenths 
of an inch thick. The shell of the boiler gave way immediately over 
the furnace, the fireman being scalded to death from the stream of 
hot water issuing from the rent. The boiler had been repaired at this 
part, by putting on a new plate two montlis previous to explosion, and 
it was at this plate that the rent occurred. 

This boiler, which was not under the charge of this Association, 
was not personally examined on the occurrence of the explosion, but 
an engineer who inspected it shortly after, has kindly furnished the 
following particulars :—The plate ripped open through the solid metal 
in two places, the rents being about fifteen inches long and one inch 
wide, while the parts surrounding it were a good deal cracked and the 
seams patched, so that the bottom of the boiler was evidently ina very 
defective state. The ruptured plate was about seven-sixteenths of an 
inch thick, and did not appear of very good quality, as if not thoroughly 
welded in rolling; but the fractures were not, properly speaking, *blis- 
ters,’ since the whole thickness of the plate had come down at once. 
In addition to the inferior character of the plate, the boiler was heavily 
coated with inerustation, and this had accumulated at the bottom for 
a depth of three inches just over the fracture, and extended for a 
space of four feet by two feet. This mud had hardened so much that 
the water and steam ploughed but a small hole through it in rushing 
out. There can be little question that this coating of mud had kept 
the water away from the plate, and thus lead te its being over-heated, 
from which it gave way. There was plenty of water in the boiler at 
the time of the rupture. 

It will be clear that it is scarcely possible for such a cake of sedi- 
ment to have formed upon the furnace crown of an internally-fired 
boiler, and also that an efficient blowing-out apparatus would have 
prevented the accumulation in a great measure, if not altogether, and 
thus that the explosion was due to the dangerous character common 
to all externally-fired boilers, coupled in this case with neglect. 
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For the Journal of the Franklin Institute. 
The Sphere, Cone, and Cylinder. 

In an old book, entitled ** The Elements of Euclid, with select theo- 
rems out of Archimedes,” printed in London in 1719, I find data, 
which, by the aid of our tables of areas of circles, will facilitate com- 
putations of the surfaces and solidities of spheres, spherical segments 
and sectors, and the comparative superficies and solidities of inscribed 
and circumscribed cylinders and cones. 

Ist. To find the surface of a sphere :—* Let the greatest circle of 
the sphere be measured, and let it be multiplied by 4." It is evident 
from this that the area of a circle whose diameter is double that of 
the given sphere must be equal to the surface of the sphere. To shorten 
the work of calculation, double the diameter of the given sphere, and 
from the tables take the circle area corresponding for the surface of the 
sphere. 

2d. To find the solidity of a sphere :—‘Ifthe 6th part of the dia- 
meter be multiplied by the surface of the sphere, there will arise the 
solidity of the sphere.” Doubling the given diameter and taking its 
6th part can be done in the mind in most cases, while that part left for 
the pencil is simply the multiplication of the tabular area by the 6th 
part of the diameter; thus, suppose a 15-inch sphere is given to find 
the solidity. 

Area of 50-inch diameter = 706-86 = surface of sphere, 
and T06°86 X 2°6=1767-15=solidity required. 

Sd. To find the surface of a spherical segment or zone. It is proven, 
that the surface ofa spherical segment or zone, is to the entire spheri- 
eal surface of which it is a part, as the height of the segment is 
to the diameter of the sphere. From this proportion the rule is plain, 
Thus :—Multiply the entire spherical surface by the height of the seg- 
ment and divide by the diameter of the sphere. 

4th. To find the solidity of a spherical segment or sector. Multiply 
the spherical surface of the sector by the third part of the radius for 
the solidity required, and for a segment find the solidity of the sector 
of whic h it forms a part, then deduct the cone which lies between the 
base of the segment and centre of the sphere, if the segment be less 
than a hemisp he ‘re, and add it thereto if the segment be greater. 

Sth. The superficies of a right eylinder (one whose height and 
diameter are the same,) circumscribed about a sphere is equal to the 
surface of the sphere.’’ The cylindrical surface only is here meant. 

** Tf a cylinder and inscribed sphere be cut by planes perpendicular 
to the axis, each segment of the cylindrical surface will be equal to 
the corresponding segment of the sphere.” 

From this property the 3d rule above is evident. 

ith. ‘A right cylinder is both in solidity and the whole superficies 
to the sphere about which it is circumseribe “l, as 3 to 2.” 

Tth. ‘The superficies of a sphere is to the whole superficies of an 
equilateral cone circumscribed about it as 4 to 9.” 

Sth. ‘The whole superficies ofan equilateral cone circumscribed about 
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a sphere is quadruple of the whole superficies of an equilateral cone 
inscribed in the same sphere, and the solidity of the former cone 1s 
eight-fuld that of the Jatter.”’ 

i. ‘*A sphere hath that proportion to an equilateral inscribed 
cone as 32 to 9.” 

10ti. ** A sphere hath the same proportion both inrespect of solid- 
ity and surface to the equilateral cone circumscribed about it which 4 
hath to 9.” 

llth ‘A sphere, a circumscribing cylinder and a circumscribing 
equilateral cone, both with respect to solidities and whole superficies, 
lear the continued proportion, respectively, to one another, as4: 0: 
q@ 

Archimedes set great value upon his discovery of tle sesquilateral 
proportion of the right cylinder and | mi — 
internal touching sphere, as enunci- 
ated in the Gth property above ; such 
that he would have a figure of it en- 
graved upon his tomb. 

It is a matter of argument why he 
shoul prize this above other disco- 
veries which he made, and above ma- 
chines put into practical use, and 
which would seem to have given him 
a wider fame than the discovery of 
any abstruse mathematical relations 
or inherent properties of lines and 
surfaces. 


But so it was, he valued the discovery of purely mathematical fact 
far above any practical display of prepared matter. or mechanical com 
binations, whatever may have been the efficiency of its performance or 
the prodigiousness of the force which it developed. 

Archimedes’ discovery received a very important as well as interest- 
ing addition at the hands of the learned Andrew Tacquet, the author 
of the old book in question, and the two combined are given in the 
11th property above with a figure, inseription, and translation. 

It is singular indeed that bodies whose surfaces and sections pre- 
sent so many difficulties in practice should in themselves, as wholes, 
bear so simple a relation, one to another. Y. 


On the Employment of Burning Wire, az an Illuminating Agent, 
Especially for Photographie Purposes. By Provessor Rosco. 


From the London Practical Mechanie’s Journal, April, 104. 


Professor Roscoe exhibited the light emitted by burning a portion 
of a fine specimen of pure magnesium wire 1 mm. in diameter and 10 
feet long, which had been manufactured by Mr. Sondstadt. Professor 
Roscoe remarked that it afforded him great pleasure to be able to state 
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that a suggestion made by Professor Bunsen and himself in their 
photochemical researches, and printed in the Philosophical Transac- 
tions for 1859, page 922, was about to be practically adopted. Mr, 
Sondstadt is now commencing to manufacture the metal magnesium 
on the large scale, and the first important application of the metal is 
the employment of burning magnesium wire as an illuminating agent, 
especially for photographic purposes. In the researches above men- 
tioned, Professor Bunsen and the speaker had examined the photo- 
chemical action of the sun compared with that of a terrestrial source 
of light, and for the purpose of this comparison they chose the light 
evolved by the combustion of magnesium wire. They showed that a 
burning surface of magnesium wire which, seen from a point at the 
sea’s level, has an apparent magnitude equal to that of the sun, effects 
on that point the same chemical action as the sun would do when shining 
from a cloudless sky at a height of 9° 53’ above the horizon. On com- 
paring the chemical with the visible brightness of these two sources of 
light it was found that the brightness of the sun’s disk as measured by 
the eye when the sun’s zenith distance was 67° 22’, is 524-7 times as 
great as that of the burning magnesium wire, whilst, at the same 
zenith distance, the chemical brightness of the sun is only 36-6 times 
as great. Hence the value of this light as a source of the chemically 
uctive rays for photographic purposes becomes at once apparent. The 
extract from the memoir referred to is as follows :— 

** The steady and equable light evolved by magnesium wire burning 

in the air, and the immense chemical action thus “produced, render this 
source of light valuable as a simple means of obtaining a given amount 
of illumination expressed in terms of our measurement of light. 
, ° ° - The combustion of magnesium constitutes so definite 
and simple a source of light for the purpose of photochemical measure- 
ment, that the wide distribution of this metal becomes desirable. The 
application of this metal as a source of light may even become of tech- 
nical importance. A burning magnesium wire of the thickness 0-207 
millimetre evolves, according to a measurement we have made, as much 
light as 74 stearine candles of which 5 go to the pound. If this light 
Jasted one minute, 0-987 metre of wire, weighing 0°1204 grm., would 
be burnt. In order to produce a light equal to 74 candles burning for 
10 hours, whereby about 20 Ibs. of stearine is consumed, 72-2 grms. 
of magnesium would be required. ‘The magnesium wire can be « easily 
prepared by forcing out the metal from a heated steel press having « 
fine opening at bottom ; this wire might be rolled up in coils on a spin- 
dle, which could be made to revolve by clock-work, and thus the end 
of the wire, guided by passing through a groove or between rollers, 
could be continually pushed forward into a gas or spirit-lamp flame in 
which it would burn.” 

Professor Roscoe stated that great credit was due to Mr. Sondstadt 
for the able manner in which he had brought the difficult subject of the 
metallurgy of magnesium into the present satisfactory position, and 
expressed his opinion that, even in photographic purposes, the appli- 
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eation of the metal will prove most important. Mr. Brothers, Mr. 
Parry, and other photographers present, corroborated Dr. Roscoe's 
opinion respecting the value of such source of light for photography. 
Since the meeting Mr. Brothers made an experiment upon the mag- 
nesium light, which he reports as follows :— 


“The result of an experiment I have just tried is that in 50 seconds 
with the magnesium light I have obtained a good negative copy of an 
engraving—the copy being made in a darkened room. Another copy 
was made in the usual way in daylight, and in 50 seconds the result 
was about equal to the negative taken by the artificial light. The sun 
was shining, but there was a good deal of fog in the atmosphere.” 


To the Editor of the Journal of the Franklin Institute. 


Sr :—The propriety of introducing the word “equivalent,” in pa- 
tent claims, has been a subject of much discussion and difference of 
opinion among both patentees, and the officials of the Patent-Office. 

The following argument was written with the hope of obtaining an 
official decision which would set the question at rest for the future. 
It was submitted to the Commissioner of Patents, who, by granting 
the patent, acknowledged the pertinence of the grounds advocated in 
the argument. 


Argument in the matter of the Application of R. Ileys for Letters 
Patent for Variable Valve Motton for Steam Lingines. 


To the Honorable Commissioner of Patents. 


Sir :—The contents of the official letter of December 7th, 1863, have 
been carefully perused, and the suggestions of the Examiner in charge 
of this case duly considered. 

The official Jetter contains the following :—* It is well understood 
that the law regards real equivalents as secured to you without the 
use of the language (the equivalents to the same) in your claim. It is 
therefore regarded as superfluous.” 

l regret that my opinion on this point is at variance with that of 
your able Examiner. 

The word “ equivalent,” in the claim of a patent, is, according to my 
humble views, not only not superfluous, but in very many instances a 
word of the most vital importance, a word, the insertion of which an 
applicant for a patent has a right to insist upon, unless the Office can 
give references of a character which demands the limiting of the claim 
to a special combination and arrangement of parts. 

When an inventor presents an application for a patent for an im- 
provement on the invention of another, it is the very proper practice 
of the Patent-Office, to require the applicant to word his specification 
in such terms as to acknowledge the rights vested in his predecessor. 
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So also has it been the practice of the Patent-Office, to allow broad 
claims for inventions for a novel character, and such words as equiva. 
lent and substantially, have been hitherto allowed for the express pur- 
pose of adding breadth to a claim. 

The Office has invariably attached importance to the word equiva. 
lent, for in hosts of instances, specifications have been returned for the 
erasure of that word, because it rendered claims so broad as to conflict 
with those in prior patents, while in almost as many instances the in- 
sertion of the word has been permitted. 

It is searcely correct to say that ‘it is well known that the law re. 
gards real equivalents as secured without the use of the word equiva- 
lent ina claim :’ this may be well known to those versed in patent 
matters, but a lengthened experience as a patent attorney has con- 
vineed me that the ‘public i is very far from being possessed of this know- 
ledge, and for this reason it is respectfully contended that the wor | 
should be allowed whenever the nature of the invention will permit its 
insertion. 

What better argument can be advanced in support of the use of this 
word than that the law allows it? What better guide can an applicant 
follow in framing his claim than the law ? 

Whatever strength the word equivalent may impart toa patent, and 
there can be no doubt that the word does impart more or less strength, 
there is an important reason why the word should be allowed on all 
appropriate occasions. Our community is unfortunately infested with 
a class of men whovare a terror to meritorious inventors. I allude ta 
the pirates or counterfeiters, who no svoner become aware of the value 
of an invention, which may be the successful result of long study, la- 
borious research, and elaborate expe riments, than they set whatever 
wits, or rather whatever low cunning they m: ‘y have to work, with thy 
view of infringing on the successful inventor's rights, evading his pa 
tent, or to use more simple and appropriate language, picking his poc 
ets. Where is there a patent attorney of any lengthe ‘ned experience 
who cannot count these pirates by the score, who cannot eall to ne 
hundreds of instances in which these copvists have asked advice i 
somewhat such terms as follows:—‘* Mr. H., a patent has recently 
been granted to Mr. b., for an improved——. This is his claim; it isa 
very valuable patent, and there is a great profit in the article for which 
there is a great demand; I propose to make a somewhat similar inven- 
tion; [ use part of Mr. L.'s patent, but I substitute other devices fo 
part of what he claims. Don’t you think, Mr. H., that by so doing | 
can evade the patent granted to B., especially as his claim is limited 
to the particular arrangement or combination "of parts 7” 

If all patent attorneys would treat such characters as they ought to 
he treated, that is, make such physical demonstrations as would insure 
their precipitate retreat, the evil might be remedied; unfortunately, 
however, the acts of these parasites are in too many instances encour: 
aged. The best remedy, however, rests with the Patent-Office. 

These piratical interlopers with a species of short-sighted cunning 
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in almost every instance, base their operations on the wording of the 
claim of the patentee whose rights they propose to invade, and lay their 
plans accordingly. 

If they peruse a carefully framed claim with the word equivalent 
orsubstantially appropriately introduced, they approach it with caution, 
they look upon it as property well fenced round, and in most cases 
abandon the idea of committing the premeditated act of piracy as too 
dangerous a proceeding. 

If the meritorious inventor can by the use of the simple word equi- 
valent in his claim keep the vermin at arms length, if the law allows 
the use of the term as it certainly does, if prior inventions present no 
bar to the introduction of the word, for heaven’s sake let the inventor 
have it. 

An applicant’s claim should be framed in plain and concise terms; 
such terms as the most untutored mind can understand. ‘It is the 
duty,”’ said Judge Story (Wyeth vs. Stone,) “of the patentee to sum 
up his invention in clear and determinate terms, and his summing up is 
conclusive upon his rights and title.”’ ‘If the inventor (says Judge 
Grier) sums up the particulars of his invention, he is confined and held 
to such summary, and his patent must stand or fall by it.” 

If an invention consists of three things, A, B, and C, in combina- 
tion with a fourth, which [ will designate by the letter D, and if the 
three things are absolutely necessary to constitute the main features 
of the invention, while it is palpable to both the inventor and others 
that many things might be used to develop these features in place of D, 
why should not the inventor say so in his claim? why should he not say 
I claim A, B, and ©, in combination with D, or its equivalent? Why 
should the Patent-Oflice object to such a claim because the Jaw assumes 
the word equivalent to be understood although not expressed ? 

Is the praiseworthy and industrious inventor to be rewarded with a 
patent concluding with a claim which every one possessing common sense 
can understand, or is he to have a patent which appears to the envious 
and eovetous pirate like an English act of Parliament, through which 
a member declared he could drive a coach and six, a patent which may 
form the nucleus of expensive lawsuits, a patent, the true meaning 
of which cannot be ascertained without an appeal to the law, or without 
resorting to the costly array of judges, juries, and venal professional 
experts? 

In relation to this subject there is another important point to be 
considered. 

It isan undoubted fact that there is a large, and I may add a re- 
spectable portion of our community who look upon patents and patent 
property as too precarious to meddle with, who consider the dealing in 
patents as closely allied to lottery transactions and gambling. 

Ask these men the cause of their opinions, and in many instances 
you will find that either they or their friends have had their fingers 
bitten (to use a common phrase) by patents, their rights invaded, their 
profits squandered in lawsuits and their peace of mind destroyed by 
fruitless litigation. 
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The continued prosperity of the Patent-Office depends upon the 
value of patent property ; the depreciation of this property soon tells 
on the receipts of the Office. If such claims only are allowed to an 
inventor as will leave his property open to the incursions of avaricious 
copyists, if the patents cannot be interpreted or sustained without re- 
sorting to expensive legal interpretations, patent property must soon 
become a drug in the market, inventors must cease to ply their voea- 
tions, the progress of the arts must be impeded, and not only the 
Patent-Office but the public at large must be sufferers. 

In decrying the pirates who prey upon the industrious and ingenious 
inventors, let it not be supposed that I desire to confound these pests 
with a class of men who base their inventions on those of others, but 
are willing to admit the rights of their predecessors and to limit their 
claims accordingly. ‘These men who may be termed real inventors 
are almost as important and valuable members of the community, as 
the originators, for it isby continued improvements only that true per- 
fection can be arrived at, and I would here remark that patents of 
this class drawn up in proper candid terms are, as far as my experience 
goes, more valuable to their owners than such as are surreptiously 
obtained, and concocted from the brains of others. 

To return to the present application which has given rise to the 
above remarks. It will be found that Heys claims the valve spindle p, 
link E, eccentric rod G and arm F, in combination with a weighted 
lever L and link A, or their equivalents. Now it is quite evident that 
D,E,G, and F, are absolutely necessary to carry out the applicant’s in- 
tentions, and therefore any equivalent to them is not referred to: it is 
equally evident that many devices might be used in place of K and 4} 
for causing the motion of the governors to be communicated to the 
link p; for instance, a weighted lever without the link 4, but having a 
roller at the end to bear up against the underside of the arm F, might 
be used for the purpose, or the weighted lever K and link A, might be 
dispensed with, and the link E suspended from a weighted chain pass- 
ing over a pulley to be acted on by the governor, in fact, other de- 
vices will suggest themselves to expert mechanics. 

If the combination of the parts D,E,G, and F operating in conjunction 
with each other as described is new, I can see no reason why the Office 
should insist upon the striking out of the words *‘ or their equiva- 
lents,”’ as applied to the other parts K and A, and thus put the appli- 
cant in possession of a patent which the public would declare to be 
weak, which would be liable to attacks from unscrupulous men, and 
would be more of an injury to the patentee than a benefit. 

Although my remarks have been extended beyond the usual limits, 
and although my views have been expressed in perhaps unnecessarily 
urgent terms, I am satisfied that the Office will not consider me to be 
actuated by any spirit of fault-finding, or the desire to assume a dic- 
tatorial position. 

Whatever errors there may be in the above views on an important 
subject, and the Office may be able to convince me that I have erred 
in some respects, they have not been coined for an especial purpose, 
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but have been suggested by experience and by intimate knowledge of 
the opinions and wants of inventors. 

In conclusion let me direct the attention of the Examiner in charge 
to the recent decision by the Board of Examiners in Chief, in the case 
of J. S. Mason’s application for a patent for a design for a label, a 
decision which I am satisfied was prepared after the most careful con- 
sideration by the gentlemen composing that board. 

lam, very respectfully, yours, 
Ilenry Howson, Attorney for R. Heys. 


English vs. Swedish Iron. 
From the London Builder, No. 1088. 

Experiments of an important nature have just been made at the 
fortress of Carlberg, in Sweden, upon the respective merits of armor- 
plate made in England, Franee, and Sweden. Messrs. John Brown 
& Co., of Sheffield, sent two plates, one 12 feet by 2 feet 6 inches, and 
one 6 feet by 3 feet 8 inches. Messrs. Petin, Gaudit & Co., of Lyons, 
sent two plates, each of 7 feet 6 inches by 3 feet 3 inches. The Mon- 
tala Iron-works Company, of Sweden, sent two plates of 12 feet by 2 
feet 6 inches, and one 6 feet by 3 feet 8 inches. All the plates were 
4} inches in thickness, and then bolted to a teak target backed with 
iron plating, and supported by a massive stone pier. The two upper 
plates in the target were the French, and each was secured by 11 bolts. 
The next plate below was the longest, Swedish, and this was secured 
by 29 bolts. Below this was a tier of two short plates, one Swedish 
and one English, each secured by 24 bolts, and the lowest plate was a 
long English, secured, like the Swedish, by 29 bolts. Each plate re- 
ceived six shots from the ordiaary 68-pounder naval gun. The French 
and Swedish plates broke to pieces, and the English plates remained 
uninjured and free fromeracks. The shots used were of Swedish iron, 
and exhibited great toughness as compared with the shots used in the 
English service—the core or centre of the shot, after striking, being 
of double the weight of the core of the Eaglish shot. 

Army and Navy Gazette. 
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Proceedings of the Stated Monthly Meeting, March 17, 1864. 


William Sellers, President, in the chair. 

Jolin H. Towne, . ‘ 

Fairman ‘Rogers, \ Vice Presidents. present. 
Robert Briggs, Corresponding Secretary. 

Jobn F. Frazer, Treasurer. 

Washington Jones, Recording Secretary. 

The minutes of the last meeting were read and approved. 
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Letters were read from the Royal Geographical Society, London; 
l’Academie Royale des Sciences de Lisbonne, Portugal; Capt. J. M. 
Gillis, U.S.N., United States Naval Observatory, Washington, D. C. 

Donations to the Library were received from the Royal Astronomi- 
cal Society, the Royal Geographical Society, the Society of Arts, and 
the Chemical Society of London; 1’Ecole des Mines, Paris, et la So- 
ciété Industrielle de Mulhouse, FE rance; ]’Académie Royal des Sci- 
ences de Lisbonne, Portugal ; the Canadian Institute of Toronto, and 
the Natural History Society, Montreal, Canada; the U.S. Naval Ob- 
servatory, the Hon. Wm. D. Kelley, and F. Emmerick, Esq. -» Wash- 
ington, D. C.; the Board of Water Commissioners, Jersey City, N.J.; 

the Young Men’s Association, Milwaukee, Wisconsin; and from Dr. 
T. S. Kirkbr ide, Wm. J. Mullen, Esq., John P. Whipple, Esq ,U.S.N,, 
Prof. John F. Frazer, and A. M. Spangler, Esq., Philadelphia. 

The Periodicals received in exchange for the Journal of the Insti- 
tute, were laid on the table. 

The Treasurer’s report for February was read. 

The Actuary reported that the following Standing Committees have 
organized by electing their chairmen and appointing the time for hold- 
ing their stated meetings. 


Committee. Chairman. Time of Meeting. 

On Library, George Harding, Ist Tuesday Evening, 
* Exhibitions, T. Morris Perot, Ist Wednesday 

Arts and Manufactures, John H. Cooper, Ist Friday 

Cabinet of Minerals, Elias Wildman, 2d Monday 

Cabinet of Models, William B. Bement, 2d Monday 

Science and the Arts, John C. Cresson, 2d Thursday 

Meetings, Henry Howson, 3d Thursday 

The Speeial Committee on the revision of the By-Laws, presented 
their report, which was read and accepted. 

The Special Committee on the Weights, Measures, and Coinage of 
the United States reported their progress, and were continued. 

A Committee appointed by the Board of Managers, reported a draft 
of the amendments proposed to be made in the Charter of the Insti- 
tute, which was discussed and several amendments preposed ; when a 
committee was appointed to prepare an amended Charter of the Insti- 
tute, in accordance with the memorial just adopted. 

On motion, it was 

Resolved, That the Institute do hereby approve of, and direct the President to 
affix and attest the seal of this corporation to the petitions which have just been 
read, and to transmit them to the Senate and House of Representatives, respectively, 
in such manner as he shall deem preper. 

Resignations of membership in the Institute by six gentlemen, were 
read and accepted. 

Candidates for membership in the Institute (10) were proposed, and 
the candidates proposed at the last meeting (6) were duly elected. 

The President read a letter from the Hon. Gideon Welles, Secreta- 
ry of the U.S.N., requesting the Institute to appoint a committee of 
three members to act jointly with like committees to be appointed by 
the Navy Department and by the National Academy of Sciences, to 
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conduct, witness, and report upon, experiments which may be agreed 
upon by the commission on the expansion of steam. 

Qn motion, the President was authorized to appoint the committee 
to act on the joint committee, as requested by the Navy Department, 
when he named the following gentlemen, who were approved: 

Committee.—Messrs. John H. ‘Towne, J. Vaughan Merrick, and 


Richard A. Tilghman. 


Mr. Chase continued the abstract of his papers on ‘Tides of Rota- 
tion,’ and made some remarks respecting the alleged connexion be- 
tween the variable rate of the earth’s rotation and the mean tempera- 
ture of given parts of its surface. 

Mr. Colburn’s inquiry into the nature of heat suggests some inte- 
resting speculations concerning other efforts of rotation than those 
that can be measured by the barometer. Recognising the impossibili- 
ty that the sun should warm the whole solar system, as a simply in- 
candescent body,—the improbability that its heat should result from 
continuous combustion, and the probable approximate uniformity of 
temperature in the upper regions of the atmosphere, in summer and 
in winter, by day and by night, Mr. Colburn looks for the principal 
sources of heat to the earth itself. He supposes, 1, that the solar at- 
traction tends to draw into closer proximity the particles of air on the 
heated side, and to separate them on the night-side of the earth, thus 
producing heat of compression, and cold of expansion. 2, that the 
change of eastward velocity from 67,000 miles per hour at midnight, 
to 69,000 miles at noon (sc), necessarily produces a conversion of 
motion into heat, and of heat into motion. And, 3, that if the earth 
is moving in a resisting medium, by which it is so retarded that it ap- 
proaches the sun at the rate of 1,000,000 miles in 3,000,000 years, 
its “lift” involves the annual abstraction of heat-force equivalent to 
792,565,108,390,000 horse-power ! 

The third hypothesis has been often broached ; the indications of a 
resisting ether, which, as has been seen, are furnished by the hourly 
barometric means, may, perhaps, yield the data for its final verifica- 
tion or rejection. The supposed separating effect of the sun's action 
inthe most remote portions of the atmosphere, is so problematical, 
that it seems hardly deserving of any consideration, and even if it ex- 
isted, it is difficult to understand how it could produce a difference of 
more than a fraction of a degree in the range of the thermometer. 
The alternate acceleration and retardation of orbital velocity, can 
produce no accumulation of heat to supply any loss that may arise 
from radiation into space, but it must modify the distribution of heat 
throughout the day in a manner that may be readily calculated. The 
available data are not sufficient to furnish us with complete results, 
hut they give curious approximations that seem to open a wide field 
for profitable investigation. 

“Sir John Hersehell finds the direct heating effect of a vertical sun 
at the sea level, to be competent to melt -00754 of an inch of ice per 
winute ; while aecording to M. Pouillet, the quantity is °00703 of an 
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inch.”"* Taking the mean of these two estimates (‘00728 in.), multi- 
plying by the latent heat of water, (142°6° F.), and dividing by the 
007281426 

28 +4 
-037076 units of heat received per minute on each square inch of the 
earth's surface that is exposed to a vertical sun. The weight of the 
aerial column being 15 lbs., and its ratio of specific heat °25, the 
maximum effect of the direct solar rays is sufficient to heat the whole 


number of cubic ins. in 1 1b. of water (28), we obtain 


atmosphere i med A per minute, or 7:12° F. in 12 hours. 

Now, in consequence of the earth's rotation, the difference of atmo- 
spheric “ lift’ between noon and midnight, is 182,336 feet per min- 
ute. The average difference for the twelve hours, is one-half as great. 
** Rapid rotation, without friction or resistance, cannot in itself alone 
be regarded as a cause of light and heat ;’’¢ but we have found in our 
barometric investigations, that the ratio of the half-daily velocity of 
rotation to that which would be conferred by twelve hours action of 
terrestrial gravity, is ‘00109, which may be regarded as the modulus 
of heat-producing resistance. If we multiply the average difference of 
lift by the weight of the atmosphere, and by the effective resistance, 
dividing the product by the ratio of specific atmospheric heat, and the 
number of foot-pounds raised by a unit of heat, we obtain 


91168 X15 x:00109 


“770x295 = 774° F. as the amount of heat communicated 


to the air by rotation between midnight and noon, and abstracted be- 
tween noon and midnight. 

The theoretical barometric lift is, as we have seen, -00219 of the 
entire weight of the atmosphere. Estimating the height of the aerial 
column when reduced to uniform surface density, at 24,000 feet, the 
heat-producing disturbance that is indicated by the barometer, is re- 
presented by a lift of 15 lbs. on each square inch to a height of 
*00219 x 24000 feet. The quarter-daily disturbance from this cause is, 


9 Fv ONS 
therefore, ica lad 0219 __ 4-1° F. 


It is more than likely that each of these results will require import- 
ant modifications when the entire influence of the several conditions 
of the problem is better understood. I have thought it proper to pre- 
sent them in their present crudity, in order to show the true points of 
“etre and to prepare the way for some further considerations. 

hatever other heat-disturbing causes there may be, there can be 
little doubt that the three we have just been considering are the most 
important. Dividing the astronomical day into four quadrants, and 
representing the solar effect by 8, rotative by R, and barometric by 
B, it will readily be seen that the several positive and negative influ- 
ences must be distributed as follows : 


* Tyndal, Heat considered as a Mode of Motion. N. Y. edit. p. 431. 
¢ Dr. J. R. Mayer. 


From Oh. to 6h. 
“ ~— 6h. to 12h. 
“© 12h. to 18h. 
* 18h. to Oh. 


The tables of average temperature at any given place would there- 
fore furnish us with four equations for determining the value of each 
of the disturbing elements, provided those that are unknown were so 
insignificant as to be safely neglected. The effects of these unknown 
disturbances are confined within certain limits that can be pretty satis- 
factorily determined. 

Our discussion of the barometric fluctuations demonstrated a ten- 
dency of inertia to retard the effects of rotation, so that the mean daily 
altitudes are found nearer to lh., 7h., 13h., and 19h., than to Oh., 6h., 
12h., and 18h. A like tendency is discernible in the thermometer. 

There are three, and only three, quadrantal divisions of the day, 
commencing respectively at Oh., at lh., and at 2h., for which we could 
obtain approximate positive values of 8., R., and B. The maximum 
solar effect is deduced from the first, and the minimum from the third 
of these divisions ; while the maximum rotative and barometric effects 
are exhibited in the third, and the minimum in the first division. 

The nearest average temperatures are found in the third division, as 
is shown below. 

Average of Temperature at 2h., 8h., 14h., and 20h., and of the entire day. 


Mean ofthe | 


STATION. ; 
four hours. | 


Daily mean. 


At Girard College, ‘ 2°] | 


At St. Helena, ’ ” 3196 | 61°-69 


The following table presents all the co-ordinate positive values of 
S., R., and B., that can be obtained from the Girard College and St. 
Helena means. 


DIVIDING AT 


StTaTIon. 0,6,12,18 h. 1,7,13,19 h. 


2,8,14,20 h. 


| 


ee; 


Girard College, 


St. Helena, 
Deceit 


Ss. R. B. | Ss. R. 


' 


B. 8. R. B. 


} — 


Per ct \Per ct.|Per ct. Per ct,|Per ct. 
45-92 | 41-32 | 12-76 | 31-3 | 49-5 


meu babes 31-07 | 15°8 | 46-7 


| 


Per ct.| Perct.!Per ct.|Per ot | 
19-2 | 138 | 63-2 | 28+ | 


| 
87-5 | 5-6 | 566 | 87-8 
| 


| 
| 
j 
\ 


} 


The percentages of the calculated values correspond very nearly 


with the means of the earliest Girard College and St. Helena values. 


Pe ne a 
——- 6 ~ - oo. 
re Ss Pe & a 


Franklin Institute. 


| Mean Limits. 
| Percentage. 


Calculated. Percentage. 


Ss, ‘ 7°12 57 °6 
R, : 79-74 | 40-8 | 
B, 4°-1 21-6 | 


It may be inferred from this comparison that the rotation element 
of daily heat is least affected, and the solar element most affected by 
extraneous causes (of which moisture is probably the chief) ; that the 
first division gives the best, and the third division the poorest results ; 
that the proportion of thermometric variation which is attributable to 
rotation is between *4 and °5 of the average total daily variation, and 
that the most difficult element to determine satisfactorily is 8., which 
is modified by many local disturbing influences, such as the nature of 
the soil, amount of vapor, clouds, altitude of the sun, &ec. Xe. 


Prof. A. L. Fleury read the following papers : 
I. On Carbonic Acid and Artificial Spring Waters. 


It is only a few years since the value of Aérated Waters—waters im- 
pregnated with Carbonic Acid which holds many otherwise insoluble 
substances in perfect solution—has become better appreciated, and as 
spring and warm weather will soon begin to make their appearance, 
I beg your attention for a few moments to a new improvement in the 
so-called Transportable Fountains. 

Everything that tends to preserve and improve our health, deserves, 
or better said, should, by right, be entitled to our consideration. For 
the last year, Messrs. Schultz & Walker, 183 4th Avenue, in New 
York, supplied the public with a superior article of Carbonie Acid, and 
Artificial Spring Waters, such as Selters, Vichy, Kissingen, Carlsbad, 
Pillna, Iron Water, Citrate of Magnesia, and others in the fountains 
here exhibited, at prices varying from 15 to 25 cents for contents of 
bottle. ‘These fountains have been imported from France at a great 
cost; every one is tried with a pressure of 15 atmospheres before it is 
allowed to. leave the factory. Mr. Carl Schultz, of the U. S. Assay 
Office in New York, remarked to me, that notwithstanding his numer- 
ous inquiries he has not yet been able to have these bottles made in 
this country, and he is very desirous to reduce the price of the foun- 
tain, which now with the high price of gold is over $2 per fountain. 
I have here a few pieces of ‘the glass of which the fountains are com- 
posed. Carbonic acid has recently found a new application for the 
relief of gout, and as a soothing medium for the pain produced by ex- 
terior inflammation. The greatest caution is necessary, however, in 
its use, because it must be remembered, when inhaled, this gas is poi- 
sonous. 

This carbonic acid fountain, by being used the upper side down, 
when the gas alone without the liquid escapes, can be used wherever 
a moderate supply of some 80 or 40 gallons of the gas is required. 
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Others gases, as for instance, oxygen, chlorine, &c., might bé preserved 
compressed in these fountains. 


II. On Solution of Iodine and Pyrophosphate of Iron. 


Mr. E. Fougera, Pharmaceutist of the Long Island College Hospi- 
tal in New York, has forwarded to me some new preparations. At 
our last meeting I had not yet received the full details of these valu- 
sble preparations. They have since been given to me, and I beg to 
communicate them to the members of the Lustitute. 

For his numerous experiments to dissolve iodine in syrup, he made 
the following observations: 

1. The spontaneous decomposition of iodide of iron dissolved in 
syrup, is arrested at a certain point, and goes no further, even when 
exposed for months ina cellar, covered simply by a cap of paper. 

2. This slightly decomposed syrup, or only colored with a small 
quantity of iodine, added on purpose, becomes perfectly white after a 
long exposure to the rays of the sun, or a moderate heat. But placed 
in the dark, its amber-color re-appears. 

The first fact overthrows the existing theory of the decomposition 
of the syrup of iodide of iron, explained by the formation of a protox- 
ide of iron and of hydroiodie acid, by means of the decomposition of 
water into its elements, and the subsequent transformation of the pro- 
toxide into sesquioxide of iron by the oxygen of the air. It is evident 
that, if the decomposition of the water and of the iodide of iron takes 
place in this way, it would certainly continue until all the iodide of 
iron is decomposed, a circumstance that does not take place. 

To explain the second fact, Lasked myself what became of the free 
iodine; evidently it could not combine with the iodide of iron ; further 
we know that searcely , ,7)5 of iodine will dissolve in water, to form, as 
some chemists maintain, iodic and hydroiodie acids. It remained only 
to ascertain what action free iodine has on sugar. 

To solve this question, [made numerous experiments with iodine and 
syrup of sugar, and found immediately that under a slight and pro- 
longed heat, the pulverized metalloid added to the syrup is therein 
dissolved in all proportions. 

Up to 2 grammes of iodine added to 30 grammes of syrup, I obtain- 
ed a colorless solution. The larger the proportion of the iodine is, the 
more care is necessary to take the syrup from the bath so soon as it is 
white. If further exposed to heat, the syrup becomes dark, the sugar 
being converted into caramel]; this caramel in its place, becomes also 
decomposed under generation of carbonic acid, leaving a light black 
and spongy residuum, which is partly soluble in water and alcohol. 
Treated with hydrochloric acid, potassa, &e., this substance comports 
itself like ulmine and ulmic acid. ‘To construct the operation to the 
entire decomposition of sugar, the necessary precautions have to be 
tuken to evade the fr acture of the glass by the expansion of the gas, 
Which forms itself in large quantity, especially when the heat is some- 
what elevated. 
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This iodated syrup has sometimes the odor of fruit ; it is acid, unal- 
terable in the air, decomposed at 100° Centigrade, and contains much 
glycose. Treated by re-agents it comports itself like iodides in general, 

Hlere are the facts; it remains to give the theory. Does the iodine 
combine with the sugar, C,, II,, O,, F, or with the glycose, C,, Il, 
O,, J, as it does with starch, C,, H,, 0,,, to form iodides? Or does 
the iodine in presence of sugar, which would act by catalysis, decom. 
pose the water and form iodic and hydroiodie acids? Which acids 
ure formed, and are they formed at the expense of the water, or the 
sugar? Bromide acts in the same way, only more rapidly. 

Chlorine acted on syrup still more rapidly than bromine. To water 
that had recently been saturated with chlorine under cold, sugar was 
added, and gently heated. In less than half an hour, the chlorine had 
disappeared and the liquid was slightly acid. It is probable that the 
chlorine was transformed into hydrochloric acid. 

The iodated oil contains 8 grains of iodine, 1 grain of bromine, and 
1 grain of phosphorus to the pint. It is prepared as follows: In 4 oz. 
of iodated syrup are dissolved (in the cold) in a mortar 8 grains 
of iodine ; one pint of oil is added, and the whole well agitated. After 
the liquids have separated the syrup is decanted. One grain of bro- 
mine is dissolved in a little bromated syrup, and added to the above- 
mentioned pint of iodated syrup, mixed, and the syrup after standing 
decanted. As to the phosphorus, it is dissolved in a little oil at a gentle 
heat, and then mixed with the above-named preparation. The whole 


is finally filtered. 


These oils have received the testimonials of the highest authorities, 

and Mr. Fougera deserves the thanks of the chemist as well as of us 

. © . . rye > . ° 

all, for his communications. This Pyrephosphate of Iron, ably eluci- 

dated by Dr. O. N. Chapman, of this city, as well as other prepara- 

tions, deserve a wide-spread reputation, being prepared in the most 
careful and reliable manner. 


Dr. J. A. Thompson, of Auburn, New York, presented his patent 
Photograph Cabinet, for the exhibit and preservation of Photographs 
and other Pictures. This cabinet is so arranged that the pictures are 
readily brought into view and exhibited beneath a plain transparent 
glass, producing the full softening effect of a frame. They are ex- 
cluded from the injurious action of air, light, moisture, dust, and hand- 
ling, which are so necessary in the preservation of these delicate pic- 
tures, that his cabinet cannot fail to take its place among the useful 
and ornamental inventions. 


U. B. Vidal's improved Coal Oil Lamp was exhibited. The wick in 
this lamp is brought from the reservoir through a wick-tube of the 
ordinary width, but near the top is spread out to double that width, 
so as to give a flame of great size and brilliancy. 


Mr. John May exhibited his improved Vertical Submerged Paddle 
Wheels for canal boats. ‘The paddles are contained within a vertical 


Proceedings of the Franklin Institute. 287 


revolving drum, from which they can be projected so as to strike the 
water on any side of the drum desired. 

Philip Griffith’s Patented Grate Bars, were also exhibited. These 
bars have dove-tailed projections and recesses at the sides, so that 
while they can be secured firmly together, one or more can readily be 
removed by sliding the bar back so as to disengage its dove-tailed pro- 
jections from the recesses in the bar next to it. 


Mr. H. Howson exhibited the following articles: 

Robert Ross’ improved Oil Cup, which has a central reservoir, and 
hollow spindle surmounted by a cup, so arranged in respect to a valve 
at the lower part of the reservoir, that on turning the spindle in one 
direction the oil will flow from the cup into the reservoir, and on re- 
versing the motion of the spindle, from the reservoir on to the part to 
be lubricated. 


Shaw's Tobacco Pipe, with a reservoir beneath the bow] for the 
reception of moisture from the mouth. 


S. Winner’s Self-instructing Seale for Pianos. This consists of a 
number of blocks, so formed that they may be readily placed against 
the key-board of a piano; resting on the keys without interfering with 
the action of the latter. On the blocks are painted lines representing 
a musical staff, with notes, each of which represents the key directly 
beneath it, the letter or name of the note being painted directly below 
the latter, so that the scholar as he strikes a key, may see at once its 
name and the position on the staff of the note designating it. 


W. Starkey’s improved Lamp Chimney. The lower part of the 
chimney is of glass, which is surmounted by a metallic rim, to which 
is secured at two or three points, a cone-shaped funnel. The connex- 
ion between the latter and the rim is so slight, that the heat imparted 
to the funnel by the hot gases arising from the flame cannot be trans- 
mitted to the rim or the glass, which is consequently prevented from 
becoming suddenly or unequally heated. 


Alden’s “ Chuck”’ for Lathes, from each of the “ jaws”’ in which a 
pin projects into a curved radiatory groove in the face of a disk; the 
turning of the disk, in one direction or the other, opening or closing 
the jaws. 


Specimens of Fire-Arms, manufactured by C. Sharps. Also, Sharp’s 
Self-priming Pistol, manufactured by S. Butterfield. 


C. Hutchinson’s Tobacco Pipe, in which a moistened sponge is ar- 
ranged between the bowl and the opening leading to the stem, to cool 
the smoke before passing to the mouth. 


Specimens of Japanese Paper, which both in appearance and texture 
bears a strong resemblance to morocco, 


Messrs. Altemus & Co.’s improved hinged-back Album, in which 
each leaf of the Album is secured by means of a leathcr hinge to the 
one next to it. 


